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Chapter 5  
International material resource 
dependency in an input–output 
framework1,2 
5.1 Introduction 
In our globalized world, production chains have become increasingly fragmented. 
Production processes are not only split up, but often also relocated to different 
countries (Hummels et al., 2001). International fragmentation of production allows 
countries to specialize in production activities in which they have a comparative 
advantage, decreasing the overall production cost of the final product. It also increases 
interdependency and the complexity of international trade relations; global production 
chains represent strongly intertwined productive systems that cross multiple borders.  
 The structure of a global production chain is shaped by the comparative 
advantages of the participating producers. The availability of production factors is an 
important determinant of a country’s or an industry’s role in a global production 
chain. In contrast to capital that can be accumulated, or a labor force that can grow, the 
stock of most natural resources is fixed.3 Availability is based on proven reserves and 
                                                             
1 The comments of dr. Sangwon Suh and prof. dr. Tukker on an earlier draft have helped to improve 
this chapter. Support by prof. dr. H.C. Moll is also gracefully acknowledged; he shared his expert 
knowledge on the average calorific values of fossil energy carriers. 
2 This chapter is an extensively revised version of the earlier papers Bouwmeester and Oosterhaven 
(2010) and Bouwmeester (2011a). The first paper has been presented at the IIOA conference in Sydney, 
2010 and the ISEE conference in Oldenburg - Bremen. The second paper has been presented the IIOA 
conference in Alexandria, 2011. 
3 For all economic purposes they can be regarded as fixed, given that these stocks have been build up 
over millions of years. 
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any scope for additional stocks depends on further exploration. The quantity of 
natural resources extracted globally has grown considerably over the past decades 
(Behrens et al., 2007). Sustainability concerns have become adamant due to the growth 
rates of extraction in combination with the limited overall resource stock. 
 In case a country is not endowed with natural resources, it will have to obtain the 
resources needed for production through international trade. Unstable trade relations 
with another country may be harmful to the economy in case it concerns primary 
suppliers of essential natural resources. Fully depending on other countries for the 
supply of natural resources is seen as undesirable, especially after the two main oil 
crises of the 20th century and the increasing scarcity of natural resources. To safeguard 
the well-functioning of a country’s economy, vulnerabilities due to increasing material 
dependency need to be carefully identified. Obtaining insights regarding possibly 
vulnerable production and consumption activities allows policy makers to address this 
dependency. Important dimensions of material dependency are the domestic 
availability and international distribution of supply of scarce material resources 
(Sovacool and Brown, 2010). In the future, the geographical distribution of reserves 
will become an even stronger factor in the organization of global factor chains due to 
the increasing scarcity of natural resources. 
 Governments are progressively more concerned with securing access to raw 
materials, which is seen as key to a well-functioning and internationally competitive 
economy. The European Commission (2008) has launched an initiative to secure a 
reliable and undistorted supply of raw materials due to its importance for EU’s 
economy and competitiveness. Ongoing actions to identify critical raw materials and 
to promote resource efficiency and recycling have been reported in an update on this 
effort (European Commission, 2011). Following suit, the Council of the European 
Union (2011) published a list of conclusions that supports the initiative and encourages 
the European Commission in its proposed actions. The political dimension of resource 
scarcity has also received attention in the EU’s communications, in which a large role 
is foreseen for diplomatic relations.  
 Fossil energy carriers remain, at least in the foreseeable future, the driving force of 
any economy. Apart from environmental concerns in terms of emissions, fossil energy 
carriers are also becoming scarcer. Rising prices of vital material inputs to production, 
either of domestic origin or imported, can be a serious threat to the competitiveness of 
countries.4 Discovering additional reserves may significantly shift the advantages. For 
                                                             
4 In Prins et al. (2011) it is asserted that the rising prices of resources are not so much related to stock 
depletion, but are an effect of badly functioning markets and policies. 




example, the recent rise of shale gas has increased the competitiveness of the United 
States. Changing to another energy system based on solar energy or wind energy may 
be a solution, but this switch will also strain the resource base due to the required 
materials to build up these technologically advanced systems (Kleijn and van der Voet, 
2010). A strategy of diversifying imports over the countries that have natural resource 
endowments may decrease risks associated with natural resource dependency. 
 To satisfy demand, producers may need to import raw materials or intermediate 
inputs in which these resources are embodied. International trade data can convey the 
country of origin of materials, when the trade flow relates directly to raw materials. In 
contrast, information about the origin of the raw materials is unavailable when it 
concerns intermediate inputs that may already have crossed borders several times, 
before they are incorporated in a final product. In case of an advanced electronic 
device, several different metals and minerals may have been incorporated into the 
final product at different stages of the production process located across multiple 
countries.   
  Assessing the full dependence on imported raw materials requires taking into 
account all materials used directly and indirectly in producing the products imported 
by a country in order to meet final demand. Input–output tables and related models 
allow for calculating the direct and indirect effects of an increase in final demand on 
total output. Extending input–output tables with environmental information results in 
a framework that is very suitable for analyzing the relationship between economic 
activities and the pressure on the environment caused by these activities (de Haan and 
Keuning, 1996). Including international trade linkages into an environmentally 
extended input–output table enables the analysis of international integration and the 
dependency of production. It also enables tracking the origin of products consumed 
and which resources have been used in their production processes (Peters, 2008). For 
example, it can be established whether Japanese cars contain more or less material 
resources than cars produced in the United States. In addition, it can be investigated 
which countries actually extract these resources.  
 In this chapter, we use environmental information on material resources used per 
unit output and international trade linkages to analyze direct and indirect material 
dependency. We establish the total material intensity of consumption baskets of 
countries and investigate to what extent countries are dependent on foreign sources of 
the required material. Next to determining direct import dependence, we also trace all 
indirect use of materials from other countries, which allows for a more complete 
assessment of material dependency. Thus, our measure encompasses all material use 
due to consumption, including embodied materials and use of materials that cannot be 
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observed in the trade flows at all, but are necessary to produce the consumption 
goods. Increasing scarcity will also affect the supply of indirectly used materials 
upstream, which in turn will affect the downstream supply of the final consumption 
goods. The focus of the present analysis is on four types of metals, on 
chemical/fertilizer minerals and on fossil energy carriers. For the metals, we include 
iron ores, aluminum/bauxite ores, copper ores and precious metals ores. The last 
category is already scarce, and the first three have a large chance to become scarce in 
the near future (British Geological Survey, 2011).5 
 Recent literature on material flow accounting has started to investigate the shift of 
environmental burden to other countries as an effect of international production 
processes (Arto, 2009; Dittrich et al., 2012). Dittrich and Bringezu (2010) report material 
trade flows and focus on identifying dominant resource suppliers and consumers. 
Australia is found to be the main resource supplier followed mainly by oil-exporting 
countries. Japan is identified as the largest consumer, even far ahead of the United 
States. In general, they find that industrialized countries are net importers with 
exception of Australia and Canada, and developing countries are net exporters. 
Bruckner et al. (2012) also quantify the shift of embodied material resources from 
developing countries to industrialized developed countries. Their paper is closely 
related to our work in terms of methodology, but not in focus. Import dependency is 
only mentioned by showing that the consumption of materials in OECD countries 
exceeds their domestic supply. OECD countries with a high population density 
depend very much on foreign supply of materials, whereas OECD countries with a 
low population density are much closer to self-reliance. 
 In this chapter, we present three measures of international resource dependence 
that take into account the complete production process of final goods. The first 
measure captures all additional extraction of materials required to produce additional 
final goods, including materials extracted abroad. We use the term total material 
requirement to refer to this sum of direct and indirect flows of a material required to 
                                                             
5 The level of detail of the available data prevents us from studying rare earth metals and minerals. 
These materials are not included in the ‘precious metals’ group, which consists of gold, silver and 
platinum group metals. The importance of rare earth metals and minerals for production is described 
in http://pubs.usgs.gov/fs/2002/fs087-02/fs087-02.pdf. Concerns over their shortage are described in: 
http://www.bbc.co.uk/news/business-11620933 and  on a dedicated website of the EU: 
http://ec.europa.eu/enterprise/policies/raw-materials/critical/index_en.htm 




produce final demand.6 It is a measure of the dependence on material resources for 
production or consumption. The second measure of material dependency is the share 
of the extraction that is sourced from abroad. This measure relates directly to 
international supplier dependency. When a country has its own resource reserves, it 
can be completely self-reliant even though the total material requirement is high. This 
country is less prone to supply risks than countries that have to import the resource. 
The third measure focuses on the concentration of the international dependency. Even 
if a country imports a large share of the materials it requires for production, supplier 
risk is lower when the supplier portfolio is diversified compared to relying on a sole 
supplier. 
 Given the disruptions to the international supply of material resources over the 
last half century, for example, the oil crises, gas transit problems and the export bans 
by China on specific rare materials, it is not surprising how much attention is now 
paid to supply dependency. In addition, the rising awareness regarding limits to 
resource reserves have triggered both businesses and governments to stimulate 
resource efficiency. Diversifying over suppliers and increasing efficiency are two ways 
to reduce dependency. On the other hand, sectors in countries that have direct access 
to natural resources usually face lower prices due to the direct supply of these 
materials. We therefore expect to find that resource extracting countries will be 
specialized in relatively material intensive production. Moreover, most of the material 
requirements will be domestically sourced. Hence, we expect a negative relationship 
between the share of imported materials in total material use and the total material 
requirement of production. Internationally independent countries, due to the domestic 
availability of these resources, will have fewer incentives to be efficient resource users 
due to the relatively lower prices of the resources. The countries that do rely on 
international suppliers for their material requirements are expected to have a more 
diversified supplier set and be more efficient users, in order to economize on the cost 
of acquiring material resources and reduce the risk associated with a disruption in 
supply by one of the suppliers. 
                                                             
6 There are differences between our use of this term and what material flow analysts denote as total 
material requirement. First, we include both materials embodied in the final product as well as all 
other materials required to produce this final product. Second, material flow analysts include unused 
material extraction, i.e. the rock that is blasted away in order to mine metals. Third, total material 
requirement normally refers to an aggregate over all materials (Bringezu et al., 2003 and Fischer-
Kowalski et al., 2011). Bruckner et al. (2012) use ‘raw material consumption’ to refer to the same measure 
as we calculate, however this term does not reflect the fact that all indirect material flows are also 
included. 
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  The rest of this chapter is organized in the following way. In Section 5.2 the 
measures to establish dependency are defined, followed by a description in Section 5.3 
of the data used to calculate the various dependency measures. In Section 5.4 we focus 
on the results at country level and in Section 5.5 we focus on dependency at the 
industry level. We list the countries and industries for which an increase in final 
demand generates the most additional extraction of the investigated resources. This 
indicates the dependency on material resources at the industry level. We investigate 
the extent to which the additional input of material resources is sourced from other 
countries, which shows how dependent a country is on foreign suppliers. In addition, 
the concentration of the international dependency is analyzed as an important aspect 
of the factual dependency. Finally, a correlation analysis is undertaken to see to what 
extent these three measures are related for individual industries. Section 5.6 concludes. 
5.2 Methods 
An input–output (IO) model describes how supply x follows demand starting from the 
following identity:  𝐱 = 𝐀𝐱 + 𝐟. Here x is a vector of total output per industry, 𝐀 is a 
matrix of direct input coefficients7 and f is a vector representing final demand for each 
industry’s output.8,9 Solving for output gives 𝐱 = (𝐈 − 𝐀)−1𝐟, where (𝐈 − 𝐀)−1 is 
referred to as the Leontief inverse and often denoted by L. This is the most basic IO 
model, also known as the Leontief quantity model. In this model, the assumption is 
made that prices are fixed in the short term. Another assumption in IO modeling is 
that input coefficients do not change regardless of output, final demand, or other 
relevant changes. The structure of the economy is taken to be constant, at least in the 
short term. The elements of the Leontief inverse are called backward multipliers, as 
they show how much additional direct and indirect input of each industry is needed in 
order to produce one additional unit of each industry’s output. 
 The monetary flows related to resource use can be traced in this basic input–
output model. The extractive industries are included in monetary flows and their 
output represents the monetary value of the resource they extract. To study the 
                                                             
7 The derivation of an input–output model from supply and use tables (SUT) requires an explicit 
assumption regarding the production technology of secondary and/or by-products of industries, 
whereas this assumption is hidden in input–output tables. To obtain the industry by industry A matrix 
as introduced here, the industry technology assumption has been used. 
8 In the rest of the chapter, we continue this notation; bold lower case letters denote vectors, bold 
capital letters denote matrices. 
9 In input–output tables, the final demand of a country is usually recorded as a matrix which shows 
final demand for each output by type of final demand (i.e. households, government etc.) In this 
chapter, we look at final demand at the country level, without differentiating among the different types 
of final demand. Hence, we use a vector representation here. 




importance of extractive industries one could focus on the output of these industries 
and how they relate to other industries. However, studying resources in value terms 
can mask large differences in actual physical resource use. In this chapter, we explicitly 
focus on the physical amount of material extracted. The data on amounts of material 
extracted in physical terms is recorded in a satellite matrix that represents the use of 
material per unit of monetary output of the extractive industry. The use of this kind of 
satellite matrix in connection to the IO model is usually referred to as environmentally 
extended IO analysis.  
 The satellite row vector of direct environmental coefficients 𝐝𝑘𝑟 = �𝑑𝑘𝑗𝑟 � shows the 
amount (in physical units per euro of output) of environmental factor k used in the 
production of industry j  in country r. These environmental factors can be a type of 
emission, pollution, or a natural resource like raw material use, land use, water use, 
etc. In the case of materials, the coefficients are obtained by dividing total extraction of 
the resource in quantity terms by the output produced by the extractive sector in value 
terms. For example, iron ore is mined by sector i13.1 "mining of iron ores". Hence, 
vector 𝐝𝑘𝑟  where k is iron ore, only contains one value representing iron ore per unit of 
output of the extractive sector amidst zeros for all other sectors. 
 The method of calculation of the coefficients suggests that it represents an 
(inverse) unit price of the resource. However, world prices for resources are generally 
rather uniform, whereas these coefficients vary considerably over countries. The 
variation can due to (in)efficiency in the extraction process and/or heterogeneity 
within the sectors. In terms of the natural resource itself, more may be extracted than 
the quantity that is actually sold. This can be due to wasteful production methods, or 
due to quality differences in the extracted materials that result in a smaller quantity of 
material as output. In case of heterogeneity within the sectors, this can be due to 
product mix differences (e.g. joint production of multiple products) or quality 
differences of the product sold (e.g. the resource ‘fossil fuel carriers’ combines high 
calorific carriers and low-calorific carriers). A third possible explanation for varying 
prices for a single resource is market imperfection.10 
 The total amount of the environmental factor 𝑒𝑘𝑟 required to produce final demand 
𝐟𝑟 can be calculated as: 
                                                             
10 In this paper, we do not focus on explaining the differences in the values of the various d vectors 
further. We use the information in the d vectors to establish how much material is used and where it is 
extracted. 
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 r r r r r rk k ke = =d x d L f  (5.1) 
For an international input–output table the same equation holds without superscript r, 
where the value 𝑒𝑘 now represents worldwide requirements of the environmental factor 
k. In this case, x is a stacked vector of all individual country sub-vectors 𝐱𝑟. The row 
vector 𝐝𝑘 = [𝑑𝑘𝑖𝑟 ] is the concatenated vector, with R ×  J elements, of all individual 
country vectors 𝐝𝑘𝑟 . The matrix 𝐀 = �𝑎𝑖𝑗𝑟𝑠� is the intermediate input coefficient matrix of 
all domestic 𝐀𝑟𝑟 matrices and all bilateral matrices 𝐀𝑟𝑠, where r is the country of origin 
and s the country of destination, i the industry of origin and j the industry of 
destination. The A and L matrices are square; both i and j run from 1 to J; the total 
number of industries included, and r and s run from 1 to R; the total number of 
countries included. The vector f in this case has R x J elements. 
 The total requirement of environmental factor 𝑒𝑘 captures the dependency of all 
countries on this specific material resource input in one value. By manipulating the 
dimensions of either 𝐝𝑘 or 𝐟, we can investigate the distribution of the resource use by 
country of production, or country of consumption, or a combination of the two. For 
example, 𝐟 can be disaggregated into a matrix 𝐅, which represents all vectors 𝐟𝑟𝒔 as one 
matrix. The dimension of the matrix 𝐅 is R x J  rows and R columns. Calculating the 
matrix multiplication 𝐝𝑘𝐋𝐅 results in a vector 𝐞𝑘 that shows the required amount of 
material k for consumption in each of the s countries where the final demand occurs. 
 We normalize these country results by computing the material required to 
produce final demand of each country as weighted average of the final demand basket 
of that country:  
The long horizontal bar indicates the diagonal matrix of the calculation between 
brackets. The vector 𝐢 represents a vector consisting of R x J values of one. Pre-
multiplying a matrix with a unity vector 𝐢 is effectively a summation operation; the 
result contains the column sums of the matrix 𝐅. 
  In addition to looking at a more disaggregate matrix 𝐅, the vector 𝐝𝑘 can also be 
manipulated to focus on other dimensions of materials requirements. For example, the 
requirements may be partially sourced domestically, but especially for the countries 
that are not endowed with material resources, these requirements will be imported. To 
 1( )k k RxJ
−=e d LF i F  (5.2) 




distinguish between the countries of origin of the materials required to meet final 
demand, we reorganize the vector 𝐝𝑘  into a block diagonal matrix 𝐃𝑘: 
where the subscript of the unity vectors i indicates the number of elements in the 
vector, and ⊗ represents the Kronecker product.11 A visual representation of this 
manipulation is given in Figure 5.1.  
 
 
Figure 5.1: Vector dk and the block diagonal matrix Dk created from vector dk 
 
 Pre-multiplying 𝐋𝐅 with the block diagonal matrix as shown in Equation 5.4 
results in the matrix Ek that does not only distinguish along the columns which 
country is the final demander, but also along the rows from which country the 
resources originate. Hence, an element of the matrix 𝐄𝑘 has two indices; row r 
represents the country of origin of the materials and column s represents the country 
of final demand. 
 From the elements of matrix 𝐄𝑘 we derive two measures of international material 
dependency. The first one is the share of materials sourced from abroad embodied in 
final demand. It is obtained by summing over the elements in column s that are related 
to a foreign source and dividing by the total of column s as shown in Equation 5.5. 
 
, 
/s rs rsk k k






                                                             
11 The Kronecker product of A and B, represented as A ⊗ B, results in a matrix in which each element 
in A is multiplied by the matrix B. If A is the vector [3 1]  and B is the matrix �4 01 0�  , then A ⊗ B 
equals  �12 03 0 4 01 0 �. 
 ˆ ˆ '  k R J k= ⊗ ×D i i d  (5.3) 
 k k=E D LF  (5.4) 
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 The distribution over the countries of origin is the second measure of international 
material dependency. Most detail in this respect is given by the matrix Ek itself, but for 
each of the six resources consider that 𝐄𝑘 has 44 rows by 44 columns. To keep the 
representation manageable we defined seven regions from the 43 individual countries, 
while retaining the RoW as a separate region, and aggregated the matrix 𝐄𝑘 into 
matrices with 8 rows and 8 columns. 
 In addition to analyzing the distribution of material dependency over foreign 
sources by aggregating the results, we also look at the concentration of the 
international material dependency. This is our third indicator. If a large share of 
materials is imported from abroad, it can be argued that a country is less exposed to 
supply risks in case the materials are supplied by multiple countries. If one of these 
countries reduces or stops its exports of materials, it is likely that one or more of the 
remaining suppliers can and will increase their supply. 
 The concentration of dependency is quantified by computing the Herfindahl index 





















A lower concentration implies that imports are sourced (more equally) from multiple 
sources, which leaves a country less dependent on one particular supplier. Each 
country has potentially 43 trading partners. For 43 observations, the value of the 
Herfindahl index would equal 1/43 ≈ 0.0233 if the materials embodied in imports are 
exactly the same for each trading partner. This corresponds to full diversification over 
countries from which a particular country demands its embodied resources. When a 
country only imports the embodied resources from a single trade partner the value of 
the Herfindahl index will be equal to one. The higher the value of the Herfindahl 
index, the more dependent a country is on one, or a few countries, to fulfill its demand 
for embodied materials. However, note that not all countries supply a particular 
resource so the range of possible values for the Herfindahl index varies per material. 
The Herfindahl index can therefore not directly compared across different materials. 




 The results that are calculated for specific industries disregard the actual quantities 
of final output demanded and focus on the total material dependency on resource k 
per unit of final output of industry j produced in country s. The total value of the 
material multiplier skje is our first indicator of industry-level material dependency. 
 ( ) ( ), s s ss r rs r skj ki ij ki ij
i r i
e d l d l ≠= × + ×∑ ∑∑
 
(5.7) 
Our second indicator of industry-level material dependency focuses on the distinction 
between domestically sourced materials and imported materials. The first summation 
on the right-hand side of Equation 5.7 represents the direct and indirect amount of k 
sourced domestically in order to produce one unit of j in country s. The second 
summation represents the directly and indirectly imported amount of k per unit of 
output j in country s. The extent of dependency on foreign suppliers for material 
resources is measured by the requirement of imported environmental factors as share 
of the total material requirements per unit of production as shown in Equation 5.8. 
 ( ), s r rs r s skj ki ij kj
r i
g d l e≠= ×∑∑
 
(5.8) 
A larger share of imported materials required compared to total materials required 
implies less self-sufficiency and more exposure to risk regarding the supply of the 
resources. Factors influencing the supply domestically can be controlled more than 
factors influencing the supply from abroad. 
 Analogue to the country analysis our third industry-level material dependency 
indicator is based on the concentration of materials supplied by other countries as 









r r s ki ij













 As the final step in our industry-level analysis, we undertake a correlation analysis 
to see whether higher international dependence of countries is related to a higher 
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concentration of international dependence. This would indicate that the industry may 
be very vulnerable to the effects of increasing scarcity of material resources. 
5.3 Data 
We use the international environmentally extended (EE) input–output table (IOT) for 
the year 2000 as constructed by the EXIOPOL project team.12 The objective of the 
project is to enable the estimation of environmental impacts and external costs of 
industry activities and consumption activities of countries in the European Union 
(Tukker et al., 2009; Tukker et al., 2013). These environmental impacts include 
greenhouse gases emitted, pollutants discarded, and resources used as inputs to 
production. The construction of the EE IOT is a core element of the project, because it 
has been identified as the most suitable database for environmental policy analysis 
(Wiedmann, 2009; Wiedmann et al., 2007).  
 The EXIOPOL database, which has as its core an EE multiregional (MR) IOT 
framework, contains satellite accounts for 186 environmental factors. The focus on the 
environment also called for more detail in the industries that are mostly involved in 
generating or using these environmental factors. Agriculture, food products, mining 
and energy have been disaggregated into multiple sub-industries. By covering around 
80 per cent of world GDP, adding sectoral detail and incorporating bilateral trade, the 
EXIOPOL database caters directly for the need of harmonized and improved data for 
EE IOT analysis (Tukker et al., 2009). 
 The full EXIOPOL database consists of the supply and use tables (SUT) of 43 
countries and an aggregated ‘Rest of the World’ (RoW).13  The SUTs maintained by 
Eurostat (referred to as the ESA-95 tables) are used as basis for the supply and use 
tables of the European Union countries. These SUTs have been disaggregated by 
industry and commodity to 129 industries and 129 products. See for a more detailed 
description of the harmonization and detailing methods of the SUTs (Wood et al., 
2010). 
 The country SUTs are linked to each other via bilateral trade flows using the 
methodology described in Chapter 2, which combines information on origin and 
destination of trade flows from trade statistics with the aggregated trade data in the 
SUT. In the process of regaining consistency after combining these two data sources, 
the data are also revalued from cost-insurance-freight prices of the purchasing country 
                                                             
12 EXIOPOL is the acronym for: a new environmental accounting framework using externality data and 
input–output tools for policy analysis. The project website is www.feem-project.net/exiopol, last 
accessed 12-Jan-2013. The data can be obtained via www.exiobase.eu. 
13 See Chapter 1 or Table 5.3 for a full list of the countries included. 




to basic prices of the producing country. It has to be noted that although several 
information sources are combined to construct a full international SUT, these tables do 
not represent full information. The database also contains input–output tables derived 
from the supply and use tables by applying the industry technology assumption with 
fixed market shares (see Box 2.1 in Chapter 2 for details). 
 The environmental extensions focused on in this study are the materials that are 
known to be scarce or become scare in the future. We report results for 1) iron ores, 2) 
aluminum and bauxite ores, 3) copper ores, 4) precious metal ores, 5) chemical and 
fertilizer minerals, and as an aggregate category 6) fossil energy carriers.14 In order to 
aggregate the information of fossil energy carriers, the data in kilograms has been 
converted to energetic values by applying general calorific values.15 We focus on the 
data on ‘domestic extraction used’ as opposed to ‘domestic extraction unused’. The 
latter represents extraction of materials that are not used as inputs to the economy, for 
example rock that is blasted away in order to mine metals. For more information on 
the environmental extensions data construction, see Lutter et al. (2010).  
 Not all countries are suppliers of material resources. It may be that the materials 
are not present as a natural resource within a country’s territory. Alternatively, it may 
be that there are material resources, but only in a limited amount or hard to retrieve, 
making it economically uninteresting to mine the materials. Three countries do not 
extract any of the six types of materials analyzed here: Luxembourg, Malta, and 
Switzerland. For fossil energy carriers, the following countries do not mine coal or 
extract oil or gas16; Belgium, Cyprus, Luxembourg, Malta, Portugal and Switzerland. 
Iron ores are extracted by 25 individual countries and the RoW region. 
Aluminium/bauxite ores are extracted by 13 countries and the RoW. Copper ores are 
extracted by 21 countries and the RoW. Precious metals are extracted by 27 countries 
                                                             
14 The results are based on the environmental extensions of that represent domestic extraction. Unused 
domestic extraction related to these materials is not included in the analysis, as these material flows do 
not enter the economic system. 
15 The different fossil energy carriers are each again mixes of carriers with different calorific values, in 
addition, calorific values also differ for the same carrier, e.g. natural gas depending on country and 
region of extraction. For each group of energy carriers we use a general calorific value, to arrive at an 
energetic value for fossil energy carriers, which is more informative than a simple aggregate based on 
weight. The calorific values used are: hard coal 25 MJ/kg, lignite/brown coal 10 MJ/kg, crude oil 42 
MJ/kg, natural gas 38 MJ/kg,  natural gas liquids 38 MJ/kg, peat for energy use 8 MJ/kg. These values 
are based on International Energy Agency (2003) and information provided by prof. dr. H.C. Moll in a 
personal communication. 
16 In case an environmental extension is recorded while the SUT records no output of the specific 
industry, the value of the environmental extension is disregarded in the analysis presented here. 
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and the RoW. Chemical and fertilizer minerals are extracted by 35 countries and the 
RoW. 
 In contrast to land, which is an input used by all agricultural industries, the 
extraction of materials is often undertaken by only one industry. Hence, the matrix 
with use coefficients for the materials that are included in our analysis (D) contains 
many zero values. The materials only enter the economy via their respective extractive 
industries. For fossil energy carriers, there are four extractive industries: i10 "mining of 
coal and lignite; extraction of peat", i11.a "extraction of crude petroleum and services 
related to crude oil extraction, excluding surveying", i11.b "extraction of natural gas 
and services related to natural gas extraction, excluding surveying", and i11.c 
"extraction, liquefaction, and regasification of other petroleum and gaseous materials". 
Iron ore is extracted by i13.1 "mining of iron ores". Copper ore is extracted by i13.20.11 
"mining of copper ores and concentrates". Aluminium ore is extracted by i13.20.13 
"mining of aluminium ores and concentrates". The precious metal ores are extracted by 
i13.20.14 "mining of precious metal ores and concentrates". And finally, chemical and 
fertilizer minerals are extracted by i14.3 "mining of chemical and fertilizer minerals, 
production of salt, other mining and quarrying n.e.c.". 
 Combining total output levels with the information in the satellite accounts we can 
derive the material extracted per country as represented in Table 5.1 and more 
extensively in Table 5.A-1 at the end of Chapter 5. The top three of countries with the 
most domestic extraction are represented in the left-hand column of Table 5.1. The top 
three of countries with the most material use per € output of the related mining 
industry are represented in the right-hand column.17 For fossil energy carriers, 
chemical/fertilizer minerals, copper, and precious metals, the RoW is the largest 
extractor of materials. However, its ranking in terms of the use of materials per euro 
output of the related mining industry is for fossil energy carriers 23nd, for 
chemical/fertilizer minerals 15th, for copper ores 5th and for precious metals ores 4th. 
China ranks first in the total domestic extraction of iron ores and third in the quantity 
of iron ores used to produce the output of the mining industry of iron ore. China uses 
much iron ore and its mining industry is apparently not very efficient. The same holds 
for chemical/fertilizer materials and copper ores in the United States. The value for the 
‘domestic extraction used’ per € output is relatively large for India in case of 
aluminum/bauxite ores and for Brazil concerning copper ores. 
                                                             
17 See the Appendix of Chapter 5, Table 5.A-1 for the table of resource use in kilogram per € output for 
all countries. 




Table 5.1: Domestic extraction of each 
resource; total quantity and as % of 
total world extraction* 
 Table 5.2: Domestic extraction 
used of each resource; quantity 
per € output of the related mining 
industry/industries*. 
fossil energy carriers EJ†  %  fossil energy carriers MJ† / € 
1 RoW  106 34  1 Hungary  2469 
2 United States  52 16  2 South Africa  1609 
3 China  37 12  3 Greece  1361 
        
chem./fert. minerals MMT◊ %  chem./fert. minerals kg / € 
1 RoW  62 29  1 Romania  71 
2 United States 51 24  2 Russian Federation  41 
3 China  34 16  3 Finland  16 
    
iron ores MMT %  iron ores kg / € 
1 China  224 21  1 Indonesia  182 
2 Brazil  210 19  2 India  158 
3 Australia  172 16  3 China  157 
   
aluminum/bauxite ores MMT %  aluminum/bauxite ores kg / € 
1 Australia  121 58  1 India  238 
2 RoW 46 22  2 France  81 
3 Brazil 14 7  3 Hungary  46 
    
copper ores MMT %  copper ores kg / € 
1 RoW 767 44  1 Brazil  609 
2 United States  380 22  2 United States  359 
3 Indonesia  119 7  3 Bulgaria  325 
    
precious metal ores MMT %  precious metal ores kg / € 
1 RoW 403 53  1 Bulgaria  95 
2 United States  89 12  2 France  64 
3 Australia  74 10  3 South Korea  51 
* Excludes extraction by sectors with zero 
output 
† EJ = Exajoules = 1018 joules 
◊ MMT = Million Metric Tonne 
 * Each resource has one corresponding 
extraction industry except for fossil 
energy carriers, for which four extracting 
industries are distinguished. 
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5.4 Material dependency by country 
5.4.1 Use of extracted materials 
Resource supply is rather concentrated and many countries contribute only marginally 
to the total supply of resources (see for reference Table 5.A-1 at the end of this 
chapter). This holds especially for a large number of European countries. In contrast, 
resource use by country in terms of resources embodied in final demand is much more 
equally spread. In Table 5.3 we list the results of Equation 5.2, which gives the use of 
materials by country per million euro of final demand. These values represent the 
additional materials needed to satisfy a unit of a country’s consumption and 
investment basket. When relatively more materials are embodied in a country’s final 
demand, this can be interpreted as a higher dependence on materials. 
 To interpret the results, the countries have been arranged in regions. The group of 
all European countries has been split into three regions globally reflecting their level of 
material extraction. Switzerland, Norway and Turkey have been added to these 
regions due to their geographical proximity. This allows us to investigate whether 
there is a relationship between the countries that supply (more) resources and 
countries that have a more material-based final demand basket. A high material 
intensity of the final demand basket can be caused by a consumption pattern that is 
biased towards material intensive goods. Alternatively, the products that are included 
in the basket may be particularly material intensive compared to the same set of 
products produced and consumed elsewhere. 
 It is striking that some of the European countries have the most energy intensive 
final demand baskets (see the first column of Table 5.3).18 Bulgaria, Slovak Republic, 
Czech Republic and Romania each use around three times the average amount of fossil 
energy carriers per million euro of final demand. Each of these countries extracts fossil 
energy carriers, but their shares in total world supply are humble. Final demand by the 
Baltic States is also relatively energy intensive, even that of Estonia which does not 
extract any fossil energy carriers itself. Outside Europe, BRICS rank high in terms of 
energy intensity of final demand.19 The United States, a large contributor to the world 
supply of fossil energy, has an energy intensity that is less than half the average over 
all countries. These observations suggest that the level of energy intensity of final 
demand of a country is generally unrelated to domestic extraction. Instead, the driver 
of energy intensity seems to be inefficiency and/or high growth rates. The East-
European countries have experienced large structural changes to overcome the 
                                                             
18 A final demand basket contains (at most) 129 different outputs of industries from 44 countries. 
19 The acronym BRICS represents Brazil, Russia, India, China and South Africa.  




inefficient central-planning system. In addition, before the break-up of the Soviet 
Union 1991 all regions could rely on supply of low-cost energy. In the year 2000, they 
were still in the process of improving production efficiency. The BRICS have been 
experiencing very high growth rates. Their economies are being restructured, but their 
energy efficiency is not up to par yet. 
 When comparing countries in terms of chemical and fertilizer minerals embodied 
in final demand there are basically three groups that can be distinguished (see the 
second column of Table 5.3). Both Lithuania and Romania seem to be strange outliers. 
For Romania, this can be due to its high ratio of minerals extracted per unit of output 
of the extractive industry (see Table 5.2). Domestic sectors buying this output to use it 
in production processes will probably also use more material per unit output. Eventual 
final deliveries of these goods will also be more material intensive. Lithuania itself 
does not have a very high ratio of minerals extracted per unit of output of the 
extractive industry, but it imports much of these materials from Russia, which ranks 
second in Table 5.2.20 Greece’s high value is due to chemical and fertilizer materials 
embodied in gross fixed capital formation. A group consisting of nine countries, 
including the Rest of World (RoW), have a mineral intensity of final demand that is 
still over, but much closer to the average mineral intensity. These are all East and 
South European countries and four of the BRICS countries. Again, the United States is 
a large supplier of mineral resources, but has a mineral intensity that is only about half 
of the average. 
 Iron ores are mostly embodied in final demand of BRICS. Again, some East 
European countries also record high intensities of iron ores in their final demand 
baskets. Next to Poland, the Slovak Republic, Czech Republic, and Romania rank high 
again on the list of most intensive final demand baskets. The intensity of iron ore 
embodied in final demand seems to be related to the intensity of fossil fuel carriers. 
The correlation between these two sets of intensities across countries is equals to 0.55, 
which means that 31% of the variation in the intensity of fossil energy can be explained 
by the intensity of iron ores in final demand and vice versa.21 
                                                             
20 The information on a country’s imports of materials by country of origin is not reported in this 
Chapter, but these underlie the results as presented in Table 5.6. 
21 We do not imply causation. Iron ore requires much energy in order to process it, but both the 
intensity of iron ore and fossil fuel in final demand may be driven by a third factor. 
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Austria 8 3 19 2 25 8 
Cyprus 11 6 41 5 28 7 
Estonia 19 17 44 3 63 15 
Ireland 6 2 19 3 28 6 
Latvia 28 19 44 3 56 26 
Lithuania 26 124 31 1 33 17 
Luxembourg 8 4 15 2 19 6 
Malta 6 3 24 3 24 7 
Portugal 7 3 23 2 21 5 
Slovak Rep. 42 5 71 2 30 11 
Slovenia 13 4 30 3 34 9 




Belgium 5 7 18 2 24 6 
Czech Rep. 39 4 86 2 32 10 
Denmark 5 3 13 1 20 4 
Finland 7 8 28 1 68 5 
France 30 6 49 5 30 21 
Greece 6 2 15 1 16 5 
Hungary 14 46 31 9 27 7 
Italy 9 2 19 2 18 5 
Netherlands 7 6 20 2 25 6 




Bulgaria 50 17 52 3 732 225 
Germany 7 3 20 2 26 14 
Norway 8 7 18 3 30 5 
Poland 17 2 94 4 219 8 
Romania 41 70 75 7 117 10 
Sweden 5 2 16 2 56 6 
Turkey 14 15 64 3 45 10 
UK 6 3 16 2 20 6 
North 
America 
Canada 9 5 24 3 52 44 
Mexico 9 7 31 2 87 42 
US 7 5 14 2 36 7 
East Asia 
Japan 5 2 24 7 42 6 
South Korea 14 5 70 3 72 6 
Taiwan 10 6 40 7 42 11 
South 
East 
Australia 7 3 61 8 47 61 
Indonesia 19 3 19 17 270 9 
 




















  MJ/M€ kg/M€ kg/M€ kg/M€ kg/M€ kg/M€ 
BRICS 
Brazil 7 14 74 1 11 7 
China 25 24 156 18 102 18 
India 23 12 116 19 70 6 
Russia 39 11 320 7 109 111 
South Africa 21 6 24 15 32 29 
RoW RoW 12 13 39 8 112 90 
 average 15 12 47 5 68 21 
* The final demand vectors used include household consumption, government consumption and 
gross fixed capital formation, but exclude the column of inventory change and the discrepancy 
column that resulted from the trade-link methodology as described in Chapter 2. 
  
 Aluminum/bauxite ore is a quite particular material resource in terms of its 
intensity in final demand baskets. Australia is truly a world supplier; its share in total 
extraction is almost 60% and this material mainly ends up in final goods of other 
countries. In terms of the intensity of aluminum/ bauxite ores in final demand baskets 
of BRICS countries are again showing the highest numbers. However, these are within 
the range of three times the average. For all other countries, the intensity of 
aluminum/bauxite ore is not very different over the country’s final demand baskets. 
 The final demand basket of Bulgaria is by far most intensive in both copper ores 
and precious metal ores. For copper ores next up are Indonesia, and Poland. Also, 
China, Russia, Romania and Rest of the World rank high compared to the average, but 
their baskets are not nearly as copper intensive as the aforementioned countries. 
Precious metal ores are intensively used to produce the final demand of Russia, RoW, 
Canada, Mexico and Australia. These countries use about two to five times as much 
precious metals per million euro of final demand as the average. All other countries 
are associated with intensities that are very close to or less than the average. 
 Focusing on Europe, the intensity of energy carriers, minerals and iron ores seems 
to be unrelated to the amount of resources each country contributes to the world 
amount available for production. For copper ores, Bulgaria and Poland show relatively 
intensive final demand baskets that may be linked to their relatively large contribution 
to the supply of copper ores compared to other European countries. However, the 
United States has by far the largest shares in extraction of North America and both 
Canada and Mexico also contribute a fair share. Still, the copper intensity of final 
demand of these countries is not very remarkable. East Asia, which is comparable in 
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terms of development level, but not in terms of resource availability, also has rather 
average material intensities. Only for BRICS, we see that they contribute much to the 
world’s supply of resources and at the same time have a final demand basket that is 
very material intensive. 
5.4.2 Use of imported extracted materials 
In addition to the material intensity of an economy, the extent to which a country 
depends on other countries to supply the materials needed to satisfy final demand 
adds an important dimension of dependency. A first approximation of this 
dependence can be found in the information on resources extracted by each country. 
However, due to increasing globalization of production almost impossible to track 
which resources end up in which country based on trade data alone. A country that 
extracts resources may export these directly or embodied in intermediate products in 
that eventually turn into another countries’ final demand. The products it imports 
itself will also contain embodied materials. These may be extracted somewhere else, or 
it may be domestic materials that reenter the economy after going through production 
stages abroad. 
 In Table 5.4 we report the dependency on foreign materials as a percentage of total 
materials embodied in final demand. In general, the dependency on international 
suppliers of materials to satisfy final demand is quite closely, albeit inversely related to 
a country’s share in total extraction of the material. For example, the division of 
Europe into very dependent, less dependent and least dependent would result in the 
same groups as defined as resource poor, middle and rich. The additional value of 
Table 5.4 is the conceptually sounder picture of dependency it provides, because it 
focuses on how the needs of a country are met in terms of foreign materials compared 
to the mere presence of resources. 
 The close relationship between Table 5.4 and Table 5.A-1 does show that if a 
country extracts resources, it is likely that it will also use this resource in producing 
goods for domestic demand. The United States extracts significant shares of the total 
resource extraction for five out of the six resources considered. The expected 
dependency on foreign suppliers is therefore less than the average dependency of 
countries. However, due to the sheer size of its domestic demand the United States still 
depends relatively much on foreign materials given the amount of extraction taking 
place. If we look at Bulgaria, the extraction of materials is only a small percentage of 
total extraction, but on average, it is not much more internationally dependent than 
the United States. 




  Table 5.4: Percentage of extracted material embodied in final demand* 





















Austria 95 100 100 100 100 100 
Cyprus 100 100 100 100 99 100 
Estonia 100 100 100 100 100 100 
Ireland 88 100 100 100 100 98 
Latvia 100 100 100 100 100 100 
Lithuania 100 96 100 100 100 100 
Luxembourg 100 100 100 100 100 100 
Malta 100 100 100 100 100 100 
Portugal 100 92 100 100 100 100 
Slovak Rep. 98 91 96 100 100 97 
Slovenia 87 100 100 100 100 100 




Belgium 100 98 100 100 100 100 
Czech Rep. 64 95 100 100 100 100 
Denmark 72 100 100 100 100 100 
Finland 97 27 100 100 100 100 
France 87 98 100 54 100 94 
Greece 99 86 100 99 100 100 
Hungary 73 5 77 35 100 100 
Italy 97 89 100 100 100 99 
Netherlands 71 92 100 100 100 100 




Bulgaria 76 31 61 100 4 6 
Germany 83 78 100 100 100 100 
Norway 35 98 98 100 100 100 
Poland 31 100 100 100 9 95 
Romania 64 11 97 100 61 75 
Sweden 100 94 84 100 61 92 
Turkey 83 37 87 88 87 89 
UK 46 99 100 100 100 100 
North 
America 
Canada 51 46 77 100 76 96 
Mexico 34 45 64 100 56 33 
US 40 21 68 99 36 63 
East Asia 
Japan 99 65 100 100 100 98 
South Korea 99 78 100 100 100 100 
Taiwan 99 91 100 100 100 100 
South East 
Australia 48 61 25 6 38 6 
Indonesia 34 86 99 78 10 90 
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Table 5.4: Percentage of extracted material embodied in final demand* sourced 















  % % % % % % 
BRICS 
Brazil 45 55 5 71 88 37 
China 14 13 18 74 55 28 
India 23 65 14 38 93 89 
Russia 8 27 63 84 38 37 
South Africa 22 83 58 100 75 23 
RoW RoW 27 27 77 77 22 12 
 average 72 74 86 91 82 83 
* The final demand vectors used include household consumption, government consumption and 
gross fixed capital formation, but exclude the column of inventory change and the discrepancy 
column that resulted from the trade-link methodology as described in Chapter 2.  
† The grey colored 100% values are exactly equal to 100%. The black 100% are rounded numbers. 
 
5.4.3 Concentration of supply of imported extracted materials 
The average international dependency on foreign materials is rather high with 72% for 
fossil energy carriers to 91% for aluminum/bauxite ores. Given these high percentages, 
and the concern usually expressed by governments that dependency is highly 
undesirable, it would make sense to diversify over foreign suppliers of materials. In 
Table 5.5 we show how concentrated the dependency on foreign material suppliers is 
for each country. Generally, a Herfindahl index under 0.15 represented a structure that 
is not concentrated. A value between 0.15 and 0.25 represents moderate concentration, 
and over 0.25 is associated with a highly concentrated structure. The values for the 
Herfindahl have to be interpreted in light of the total number of countries that supply 
the resource in question. The reference values reporting the Herfindahl index for an 
equal distribution given the number of suppliers are reported at the bottom of the 
table. 
 Although fossil energy carriers are on average more domestically sourced than the 
other materials, the concentration of foreign supply is quite high. Out of the 44 
countries, 32 have a Herfindahl index of over 25. Nine of these countries even have an 
index that is over 0.5. The Baltic States score extremely high as well as several East 
European countries (Czech Republic, Hungary, Bulgaria and Romania). All these 
countries are highly dependent on Russia for their fossil fuel supply. Close to 90% of 
the fossil energy carriers needed to produce the final demand of Latvia and Lithuania 
are from Russia. Estonia depends on Russia for 84% of the fossil fuel carriers embodied 
in final demand. 




 Table 5.5: Concentration of materials embodied in final demand* over foreign 


















Austria 0.25 0.09 0.16 0.24 0.27 0.27 
Cyprus 0.43 0.17 0.13 0.22 0.23 0.18 
Estonia 0.70 0.71 0.29 0.24 0.27 0.39 
Ireland 0.23 0.13 0.14 0.36 0.26 0.19 
Latvia 0.81 0.72 0.33 0.24 0.21 0.41 
Lithuania 0.83 0.96 0.33 0.21 0.23 0.34 
Luxembourg 0.20 0.15 0.16 0.28 0.30 0.26 
Malta 0.26 0.11 0.14 0.25 0.26 0.18 
Portugal 0.32 0.10 0.25 0.26 0.32 0.16 
Slovak Rep. 0.71 0.12 0.36 0.21 0.22 0.32 
Slovenia 0.26 0.12 0.17 0.22 0.29 0.21 




Belgium 0.17 0.19 0.15 0.25 0.28 0.19 
Czech Rep. 0.67 0.14 0.39 0.23 0.24 0.28 
Denmark 0.14 0.14 0.13 0.26 0.25 0.23 
Finland 0.31 0.19 0.22 0.29 0.35 0.24 
France 0.66 0.13 0.18 0.28 0.27 0.17 
Greece 0.24 0.12 0.15 0.35 0.22 0.17 
Hungary 0.38 0.21 0.27 0.29 0.24 0.39 
Italy 0.38 0.13 0.19 0.24 0.27 0.18 
Netherlands 0.17 0.11 0.15 0.28 0.26 0.18 




Bulgaria 0.83 0.15 0.25 0.20 0.34 0.25 
Germany 0.20 0.09 0.15 0.26 0.27 0.40 
Norway 0.17 0.35 0.14 0.28 0.25 0.22 
Poland 0.35 0.16 0.35 0.41 0.33 0.32 
Romania 0.76 0.22 0.23 0.28 0.33 0.21 
Sweden 0.17 0.11 0.15 0.27 0.49 0.20 
Turkey 0.37 0.14 0.17 0.22 0.26 0.26 
UK 0.16 0.16 0.14 0.29 0.22 0.29 
North 
America 
Canada 0.19 0.45 0.19 0.34 0.57 0.76 
Mexico 0.26 0.46 0.19 0.33 0.59 0.32 
US 0.30 0.18 0.15 0.33 0.24 0.17 
East Asia 
Japan 0.33 0.16 0.23 0.73 0.35 0.21 
South Korea 0.41 0.21 0.24 0.63 0.47 0.19 
Taiwan 0.27 0.16 0.20 0.78 0.26 0.25 
South 
East 
Australia 0.38 0.19 0.15 0.20 0.35 0.26 
Indonesia 0.41 0.19 0.16 0.84 0.36 0.34 
 
170 Chapter 5 
 
Table 5.5: Concentration of materials embodied in final demand* over foreign 
















Brazil 0.52 0.27 0.15 0.47 0.31 0.20 
China 0.42 0.14 0.22 0.79 0.43 0.19 
India 0.47 0.36 0.22 0.80 0.38 0.27 
Russia 0.38 0.16 0.79 0.41 0.39 0.85 
South Africa 0.42 0.18 0.16 0.90 0.27 0.35 
RoW RoW 0.18 0.18 0.19 0.73 0.21 0.38 
     average 0.40 0.38 0.22 0.37 0.31 0.28 
     max. # of suppliers† 37 36 22 13 22 28 
     equal distribution‡ 0.027 0.028 0.045 0.077 0.045 0.036 
* The final demand vectors used include household consumption, government consumption and 
gross fixed capital formation, but exclude the column of inventory change and the discrepancy 
column that resulted from the trade-link methodology as described in Chapter 2. † See Table 5.A-2 at 
the end of the chapter. ‡A value of 1 represents complete concentration, a fully equal distribution 
over 37 suppliers equals 0.027, over 13 suppliers (the minimum in case of aluminum/bauxite ores) 
equals 0.077. 
 
 Most countries rely on a large set of countries to supply the chemical and fertilizer 
minerals that are needed to produce their final demand. Supply is also not very 
concentrated over these supplying countries. Exceptions here are also the Baltic 
countries with their extreme reliance on Russian materials. The minerals required by 
Norway also for 55% from Russia. Both Canada and Mexico also have a highly 
concentrated international supply of minerals, which are mainly sourced from the 
United States. India’s required minerals are for 40% sourced from the RoW, but this 
country also sources a substantial amount (35%) domestically.    
 Focusing on iron ores, almost all countries in Europe, both resource poor and 
resource middle, are fully reliant on foreign sources. However, none of these countries 
is associated with an extreme level of supplier concentration. The European country 
with the highest Herfindahl index for iron ores is the Czech Republic. The iron ore 
embodied in final demand is for 52% from the RoW and for 31% from Russia. The 
country with the highest concentration in foreign supply of iron ore is Russia itself. It 
imports 59% of its total iron ore requirement from the RoW. The domestic supply of 
iron ores covers 37% of the total requirement. 
 The highest concentration of supply dependency on aluminum/bauxite ores is 
found for East Asia, Indonesia, and BRICS. Half of these countries have some domestic 
supply, but for the foreign supply of aluminum/bauxite ores they mainly rely on 
Australia. Except Russia, its aluminum/bauxite ores embodied in final demand 




originate mainly from the RoW. Concerning copper ores, the Herfindahl index is 
moderately to highly concentrated for most countries. None of the values are very 
extreme. With respect to precious metal ores, Russia and Canada stand out in terms of 
concentration. Russia sources 63% domestically, but from the 37% foreign supply, 34% 
is from South Africa. Canada is for 81% of its total requirement dependent on the 
United States. 
5.4.4 Origin of extracted materials 
In Table 5.6, we show per region where the materials embodied in final demand are 
sourced. Fossil energy carriers embodied in final demand of each region mainly 
originate from BRICS and RoW as shown in Table 5.6 - a. North America uses most of 
the fossil energy carriers available to the world and like the other regions it still 
depends on BRICS and RoW for relatively large contributions. However, it also 
sources much of the required fossil energy carriers domestically. In contrast to BRICS 
and RoW, North America’s resources hardly end up in final demand in other regions. 
Given that final demand of BRICS is expected to grow quickly, it is likely that they will 
eventually source more of the resources domestically and leave less to all other 
regions. 
 For chemical and fertilizer minerals, all regions could be relatively self-sufficient, 
except for EU resource poor and East Asia. Again, North America claims a large 
percentage of total world mineral resources, but somewhat more of the minerals also 
end up in final demand by East Asia, BRICS and the RoW. Again BRICS is a relatively 
important supplier of chemical and fertilizer minerals for all regions except for EU 
resource rich and South-East Asia. An almost equivalent picture is shown for iron ores 
as depicted in Table 5.6 - c. The concentration of iron ore sourced from BRICS is even 
larger for this material. 
 Table 5.6 - d very clearly shows that the distribution of aluminum/bauxite ore 
suppliers is very concentrated. This is not a surprise, because only twelve out of the 43 
individual countries extract aluminum/bauxite ores. However, when we specifically 
consider the European countries, each of these regions shows a more or less equal 
sourcing from South East Asia, BRICS and RoW. In contrast, all other regions are 
heavily dependent on South East Asia. Copper ores are also only extracted by half of 
the countries individually included in our data. In this case, however, five of the eight 
regions include a reasonable large supplier of these ores. The RoW extracts almost half 
of the copper resources (see also Table 5.A-1 at the end of the chapter) and is also the 
largest international supplier of other countries. Only Europe resource poor, Europe 
resource middle, and East Asia depend to a very large extent on other regions.  
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 Table 5.6: Extracted material embodied in final demand as % of world material 
use, by source region of the materials (rows) and by final consumption region 
(columns)* 
Table 5.6 - a 


































Europe poor 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 
Europe middle 0.1 1.3 0.5 0.1 0.0 0.0 0.0 0.1 2.1 
Europe rich 0.3 1.5 5.0 1.0 0.2 0.0 0.1 0.4 8.5 
North America 0.1 0.4 0.3 21.1 0.8 0.0 0.2 0.4 23.3 
East Asia 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.1 
South East Asia 0.0 0.1 0.1 0.4 2.5 1.3 0.2 0.5 5.2 
BRICS 0.8 3.4 2.8 1.7 1.9 0.2 15.6 2.4 28.8 
RoW 0.5 4.0 2.0 5.8 6.8 0.5 2.2 10.4 32.0 
∑ 1.9 10.5 10.7 30.0 12.4 2.0 18.4 14.2 100.0 
          
Table 5.6 - b 


































Europe poor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 
Europe middle 0.2 4.6 1.1 0.4 0.1 0.0 0.3 0.5 7.3 
Europe rich 0.2 0.8 3.6 0.3 0.1 0.0 0.2 0.5 5.7 
North America 0.1 0.7 0.8 24.6 1.4 0.2 2.1 1.1 31.1 
East Asia 0.0 0.0 0.0 0.1 2.1 0.0 0.1 0.2 2.6 
South East Asia 0.0 0.0 0.1 0.1 0.2 0.3 0.1 0.2 0.9 
BRICS 1.0 1.2 2.4 1.9 1.9 0.2 17.1 3.4 29.0 
RoW 0.2 1.3 0.9 2.0 1.0 0.2 2.3 15.5 23.3 
∑ 1.7 8.7 8.9 29.4 6.9 0.9 22.2 21.3 100.0 
          



































Europe poor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Europe middle 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.2 
Europe rich 0.1 0.4 0.9 0.3 0.1 0.0 0.1 0.5 2.4 
North America 0.1 0.5 0.7 7.6 0.4 0.1 0.2 0.4 10.0 
East Asia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
South East Asia 0.2 1.0 1.2 2.0 7.0 1.8 1.5 1.9 16.6 
BRICS 0.7 4.5 5.0 6.4 7.1 0.4 27.4 6.8 58.4 
RoW 0.3 1.4 1.7 0.9 1.0 0.2 4.0 2.8 12.3 
∑ 1.4 8.1 9.6 17.2 15.6 2.6 33.1 12.4 100.0 
 




Table 5.6:  Extracted material embodied in final demand as % of world material use, by 
source region of the materials (rows) and by final consumption region (columns)* 
(continued) 
Table 5.6 - d 


































Europe poor - - - - - - - - - 
Europe middle 0.1 1.2 0.5 0.3 0.1 0.0 0.1 0.2 2.5 
Europe rich 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3 
North America 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.2 
East Asia - - - - - - - - - 
South East Asia 0.4 1.9 2.3 9.5 22.5 3.9 13.2 12.0 65.7 
BRICS 0.2 1.1 1.4 5.3 1.5 0.1 8.5 1.5 19.6 
RoW 0.2 1.2 1.3 2.6 1.1 0.1 1.1 4.0 11.7 
∑ 1.0 5.5 5.7 17.9 25.3 4.1 22.9 17.7 100.0 
 



































Europe poor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Europe middle 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.2 
Europe rich 0.2 0.8 4.6 0.5 0.2 0.0 0.3 0.5 7.2 
North America 0.2 0.8 1.0 23.0 2.2 0.1 0.8 1.3 29.6 
East Asia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
South East Asia 0.1 0.7 0.7 1.3 3.3 3.3 0.8 2.7 13.0 
BRICS 0.1 0.3 0.4 0.6 0.7 0.0 5.1 0.6 7.7 
RoW 0.6 2.6 3.0 4.0 9.3 0.4 4.2 18.3 42.3 
∑ 1.1 5.4 9.7 29.5 15.8 3.9 11.3 23.4 100.0 
          
Table 5.6 - f 


































Europe poor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Europe middle 0.0 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.5 
Europe rich 0.1 0.4 0.7 0.1 0.0 0.0 0.1 0.1 1.6 
North America 0.1 0.3 0.4 13.7 2.5 0.1 0.2 0.5 17.8 
East Asia 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.2 
South East Asia 0.1 0.5 0.4 1.2 1.4 3.8 0.5 3.4 11.3 
BRICS 0.5 1.8 4.9 4.6 0.9 0.1 7.4 1.7 21.9 
RoW 0.1 0.5 0.4 1.3 0.8 0.1 0.5 42.8 46.6 
∑ 0.9 3.7 7.0 21.1 5.9 4.1 8.8 48.6 100.0 
* Although the results are presented per region, the calculations have been performed at the country 
level. The concordance table grouping the countries into regions can be found in the Appendix of 
Chapter 5, Table 5.A-1.  
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 Finally, in Table 5.6 – f we can see that most precious metal ores are from RoW, 
but they also end up mostly in final demand by RoW. South East Asia provides quite 
some precious metal ores to the RoW. For their imported embodied precious materials, 
all European regions and North America are mainly dependent again on BRICS. 
However, North America provides most of demanded precious metals itself, whereas 
Europe sources most its supplies from abroad. 
 The set of tables just discussed give a succinct, but still very insightful picture of 
the distribution of materials flows, related to both resource suppliers as well as 
resource demanders. From almost each table it was concluded that BRICS is an 
important supplier of material resources. Due to their economic characteristics, it is 
expected that these countries will experience extensive growth in the next decades. 
These countries have also teamed up to cooperate and defend their interests together. 
High growth of their economies makes it likely that these countries will increasingly 
require the resources they extract for their own domestic demand. The dominant 
supplier position of BRICS may prove to be a crucial factor to deal with for countries 
that depend on the supply of international material resources. 
5.5 Material dependency for selected industries 
To focus the discussion of the industry results, we selected the industries that on a 
world scale use most additional resources per euro of final demand for their output. 
To make this selection we have created a simple world supply and use table and a 
vector with the total material use per ‘world’ industry. For these selected industries, 
we present the different measures of dependency as defined in Section 5.2.  
 In Table 5.7 we present the ranking of the industries and the related value of the 
material multiplier for each of the material groups considered. For each material 
group, the industry that mines or extracts that resource is associated to the largest 
material multiplier (i.e. the industry that ranks first in Table 5.7 for each material). 
Fossil energy carriers are extracted by industry i10 "coal mining", industry i11.a "crude 
oil extraction", industry i11.b "natural gas extraction" and industry i11.c "other oil/gas 
extraction". More interesting are the industries in the table that are not directly related 
to the mining of the material resources. As can be expected, the second largest users of 
domestic resources per unit of final demand are the directly downstream industries 
that produce products of the materials. For example, for copper ores, the second 
largest user is i27.44 "copper production". The quantity of material resources used per 
unit of final demand for the downstream industries quickly decreases; other inputs 
gain in importance. In Table 5.A-3 the detailed breakdown of the material multipliers 
per country can be found.  
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 There is a large variation in the individual country multipliers as shown in Table 
5.A-3. For fossil energy carriers this can be due to the composition of the energy 
carriers actually extracted by the sector. The net calorific value of the different types of 
fossil energy carriers has been crudely applied to aggregate the carriers. Specifically 
for the different types of coal used by industry i10 "coal, lignite and peat 
mining/extraction", the range of net calorific values for the different types of fossil 
fuels included under this heading is rather large. For each of the three main extractive 
industries, i10, i11.a, and i11.b, we find a quite large variation in the material 
multipliers. The multipliers for i10 range from close to zero MJ/€ (Netherlands) to 2780 
MJ/€ (Hungary). For i11.a the multipliers vary between 4 MJ/€ (Malta) to 68733 MJ/€ 
(Germany). The multipliers for i11.b are between 3 MJ/€ (Switzerland) to 122498 MJ/€ 
(Turkey). However, for the downstream national industries i40.11.a "electricity by 
coal" and i23.20.a "gasoline" most multipliers are relatively close to the World average. 
 For chemical/fertilizer minerals, Finland, Greece, Lithuania, Romania, Russia, and 
the United States have high multipliers for the related mining industry i14.3. Only 
Lithuania and Romania have comparatively large multipliers for industry i26.e "other 
non-metallic mineral production". Greece and Romania and Lithuania still use more 
than a kilogram per euro final demand in industry i26.d "cement, lime and plaster".  
 For iron ore mining (i13.1), China, India, Indonesia and the Slovak Republic all 
require more than 100 kg metals per euro of extra final demand for output of i13.1. 
This is about four times as much as the world average. Final demand related to 
industry i27.a "iron production" results in the largest additional amounts of iron used 
in China and Brazil, of 8 kg/€ and 6 kg//€. Basic manufacturing of iron and steel in 
these countries requires more ores per euro of final demand. For the other metal ores, 
the picture is rather similar in terms of variation, with the exception of India for 
aluminum ores and Brazil for copper ore, which seem to be outliers. 
5.5.1 Dependency on imported extracted materials by high-use industries 
The multipliers per country- industry can be broken into a domestic material 
multiplier and an international material multiplier as represented in Equation 5.7. The 
international material multiplier as percentage of the total multiplier is a measure of 
the dependence of an industry on foreign suppliers. The higher this percentage the 
more dependent a country is on foreign suppliers. In Table 5.A-4 to Table 5.A-9, the 
international multiplier percentage is given per material for each country for the five 
industries that require, on a world scale, the most additional material resources when 
demand for its products increases. These tables also show the Herfindahl index (HI) 
calculated based on the international multipliers.   



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































A combination of a high international material multiplier combined with a high value 
for the Herfindahl index can indicate a vulnerable supplier relationship for a specific 
material resource and the industry that requires the material in its production process. 
Table 5.8 below shows the results for the industries that are the runner up to the 
extractive industry in terms of quantity used per euro of final demand.  
 Most small European countries have a high international multiplier percentage, 
which is consistent with the European open market. However, the Herfindahl index 
for the specified industries in East-European countries is in general higher than the 
Herfindahl index for the industries in West-European countries. The concentration of 
supplier relations is especially high for fossil energy carriers, even though 37 of the 
countries included in the dataset extract fossil energy carriers domestically. This 
would suggest that especially for electricity production in Estonia and Latvia, it might 
be wise to diversify their supplier relations more, as these counties score high on the 
international dependence and on the concentration of suppliers. Only a few countries 
extract aluminium/bauxite ores, so most countries fully rely on imports of these ores 
for the production of aluminum products. In addition, the concentration of suppliers is 
rather high – especially given the reliance on imports, for Mexico, Norway, Poland, 
South Africa, Spain and Sweden. For copper ores, the countries that are most 
vulnerable are China, Germany, Luxembourg, South Korea and the U.K. Regarding 
precious metals, France, Indonesia, Lithuania and South Africa might want to 
investigate their supplier relations.  
5.5.2 Correlating the different dependency measures  
In Table 5.9 the coefficients of determination for the different dependency measures 
are presented. These values show for the five high-use industries for each of the three 
material groups how much of the variation in the one variable can be explained by the 
variation of the other. In other words, a high coefficient of determination shows 
whether the total material multipliers (e), the extent of international dependency (g), 
measured as percentage international material multiplier in the total material 
multiplier, and the Herfindahl index (h) of the international multipliers, correlate over 
the countries. 
 Most relations between the total resource multiplier and international dependency 
enter with a negative sign. Countries that use much material resources per unit of final 
demand apparently use a larger share of domestically extracted resources. This may be 
a matter of specialization; the availability of domestic resources may stimulate the 
development of large specialized industries that focus on mining or processing the 
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ores that are abundantly available. However, the larger share of domestically extracted 
resources in total resource use may also be caused by inefficient use. If a resource is 
abundantly available, it may result in inefficiency in using the resource, especially if 
the natural supply seems unlimited.  
   
Table 5.9: Coefficients of determination between dependency measures as a 
percentage of variation explained (R2) 
fossil energy carriers   chem./fert. minerals 
   g  h‡      g  h 
i10 e* (-) 22.3  3.8   i14.3 e (-) 7.3  0.3 
44# g†    2.4   44 g    15.4 
i11.b e (-) 2.6 (-) 4.3   i26.e e  0.1  43.7 
44 g    18.0   44 g    5.4 
i11.a e (-) 3.1  3.8   i26.d e (-) 14.6  8.8 
44 g    2.0   44 g    5.4 
i40.11.a e (-) 23.4 (-) 7.3   i12 e (-) 11.4  0.8 
44 g    0.2   44 g    11.5 
i23.20.a e (-) 0.4 (-) 27.5   i27.43 e (-) 20.7 (-) 22.3 
44 g    0.3   44 g    0.3 
 
 
iron ores   aluminum/bauxite 
   g  h‡      g  h 
i13.1 e* (-) 13.0 (-) 4.0   i13.20.13 e (-) 8.7  19.5 
24 g†    14.2   16 g   (-) 14.2 
i27.a e (-) 32.0  9.3   i27.42 e (-) 29.6  0.5 
43 g    0.5   31 g   (-) 1.9 
i12 e (-) 0.2 (-) 4.3   i27.5 e  0.6  26.0 
16 g    0.0   30 g   (-) 7.4 
i27.5 e  53.1 (-) 0.5   i12 e  0.0  4.7 
30 g    0.6   16 g   (-) 1.3 
i13.20.13 e (-) 0.5  11.0   i28 e (-) 4.3  58.3 
16 g    1.3   44 g    4.1 
 




Table 5.9: Coefficients of determination between dependency measures as a 
percentage of variation explained (R2) (continued) 
copper ores   precious metals 
   g  h      g  h 
i13.20.11 e (-) 11.5 (-) 0.2   i13.20.14 e (-) 3.6  19.9 
26 g    0.1   30 g   (-) 0.4 
i27.44 e (-) 19.6  15.9   i27.41 e (-) 18.9  21.7 
33 g   (-) 7.3   29 g   (-) 4.1 
i12 e (-) 20.6 (-) 7.6   i26.c e (-) 19.0  16.9 
16 g    1.1   44 g    2.0 
i27.41 e (-) 26.5  0.4   i12 e (-) 21.3  0.2 
29 g   (-) 4.4   16 g   (-) 3.1 
i37.1 e (-) 58.0 (-) 10.4   i26.a e (-) 20.0  6.8 
31 g   (-) 24.7   44 g   (-) 0.0 
* The label e represents total material requirement, see Equation 5.4 
† The label g represents international material dependency, see Equation 5.5 
‡ The label h represents the Herfindahl index of international material requirement, see Equation 5.6 
# The numbers in italics beneath the industry code indicate the number of countries that have a total 
multiplier recorded for the indicated industry and that have been included in the calculation of the 
coefficients of determination. 
 
 The most interesting coefficient of determination, the one between the 
international dependency measure and the Herfindahl index of the international 
multipliers, shows no sign of a strong relationship. Industry i11.b "natural gas and 
services", industry i14.3 "chemical and fertilizer minerals" and industry i13.1 "mining 
of iron ores" show the highest coefficients. Industry i13.20.13 "aluminum ores" and 
i37.1 "recycling", are also related to high coefficients, but these relationships have a 
negative sign. 
5.6 Conclusion 
A comprehensible representation of material supplier dependencies in international 
production and consumption is indispensable background information to conduct 
resource diplomacy. Countries that are fully dependent on foreign suppliers of 
materials need to consider how to secure this supply. One element of the strategy can 
be to limit the dependence on only one or a few countries to supply crucial materials. 
A country that extracts a large share of the world’s resources, and knows that most 
other countries are fully dependent on this supply, has strong bargaining power in 
international relations. Especially for industries that are of strategic importance to the 
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functioning of the economy at large, it is important to investigate the extent of 
international dependency along all dimensions. 
 In the past, studies of import dependency were based on direct linkages and did 
not include the indirectly required imports. This only offers an incomplete picture. 
Maintaining good trade relations with direct trade partners is not sufficient anymore 
to ensure an undisrupted supply of imports in our global economy. Policy makers 
concerned with reducing material dependency need to trace the materials required to 
produce final demand back to the country where they are extracted. In addition to 
ensuring access to materials for domestic production, policy makers should also 
consider the consumption-based material requirements. To ensure that domestic final 
demand can be fulfilled, it is necessary to keep abreast of the functioning of all links in 
the global value chains. Resource diplomacy requires indirect management of all 
stages in the global value chain, with specific focus on the countries where the 
materials are extracted. 
 In this chapter, we introduced three measures of dependency that all include 
indirect material use. These measures allow us to trace which countries contribute, 
directly and indirectly, to supplying materials required to produce final demand. Total 
material requirement is the measure that focuses primarily on the material basis of 
production by showing how much material is needed for production directly and 
indirectly. The measure of international supplier dependency reports which 
percentage of the total material requirement is sourced from abroad. Finally, we also 
investigated the concentration among foreign suppliers for specific outputs of 
industries, as well as the overall supplier concentration of individual countries 
included in the database.   
 The material intensity of the final demand baskets of countries is found to be 
largely unrelated to whether a country also extracts material resources itself. The 
intensity of fossil energy use and iron ore use seems to be especially high for countries 
that have previously lagged behind in economic growth and are now catching up, like 
East Europe and BRICS. For a country that extracts resources, it is found that it will 
mainly rely on this extraction for the production of its own final demand. The 
extraction of fossil energy carriers is relatively equally distributed compared to the 
various metal resources. Many countries can therefore source a substantial part of the 
required supply of fossil energy carriers domestically. Although foreign sources are 
not the main suppliers of the total material required, the concentration of foreign 
supply is relatively high. For resources where the international dependency is much 
higher, the concentration of supply is found to be lower. This effectively represents a 
diversified supply pattern in case resources are sourced from abroad, which is in line 




with what we expected. However, our analysis reveals that there is a large 
dependency on materials sourced from BRICS, which, given the expected growth of 
these countries, deserves serious attention from policy makers concerned with the 
security of supply of materials. An increase in their final demand, given the fact that 
their final demand basket is rather material intensive, will increasingly limit the export 
of materials. These resources will be diverted from going to foreign markets, and 
instead end up in domestic products. More countries may follow the example of 
China, where exports of very rare materials were banned. The limit on direct exports 
of materials also enables China to increase the exports of final products in which these 
materials are embodied and earn a higher mark up. 
 The industry results indicate that international dependency on material resource 
suppliers differs much from industry to industry. Evidently, the industries that extract 
the resources are the most resource intensive industries in terms of physical material 
used per euro of output generated. Resource intensity quickly decreases when an 
industry only uses the resources as embodied in intermediate inputs. However, in case 
this intermediate input is vital for production, the quantity embodied is not directly 
relevant, as production will halt without it. In this sense, the international dependency 
measure is relevant, irrespective of the total material use of an industry. Although 
there is not a single industry that shows large dependency across all countries, some 
country-industry pairs are associated with full international dependency and a high 
concentration of the suppliers. For the industries we investigated, this is observed for 
all six types of materials. In addition, for the metal ores, on average only half of the 43 
countries and RoW extract these materials, limiting the possibilities for changing 
suppliers or decreasing the concentration of supply.  
 Extreme dependency as a result of reliance on foreign supply in combination with 
a high supply concentration appears to be limited. There is not a specific industry that 
is generally vulnerable, independent of the country in which the industry is present. 
For some counties and industries, the dependence on a single country to supply the 
resources is rather large. These results are relevant for designing economic and 
environmental policies that interact with material supplier relations between 
industries. This information is especially important when material resources are 
involved that are critical to a country’s economy. Both direct and indirect linkages 
between raw material suppliers and final users of the embodied materials need to be 
considered for a complete assessment of dependency. 
 The EXIOPOL database offers a wealth of information. However, no direct 
information about the scarcity of natural resources per country is included, while this 
directly influences the topics discussed in this chapter. The material multipliers vary 
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widely. In highly aggregated international IO tables, this can be expected because very 
different industries can be lumped together. However, in the EXIOPOL project much 
effort has been put in detailing the industries that are important from an 
environmental and natural resource perspective. To find such varying multipliers here 








Appendix of Chapter 5: Additional tables 
Table 5.A-1: Domestic extraction as percentage of world extraction, countries 
grouped by resource richness* 



















Austria 0.0 0.0 0.0 0.0 0.0 0.0 
Cyprus 0.0 0.0 0.0 0.0 0.0 0.0 
Estonia 0.0 0.0 0.0 0.0 0.0 0.0 
Ireland 0.0 0.0 0.0 0.0 0.0 0.0 
Latvia 0.0 0.0 0.0 0.0 0.0 0.0 
Lithuania 0.0 0.0 0.0 0.0 0.0 0.0 
Luxembourg 0.0 0.0 0.0 0.0 0.0 0.0 
Malta 0.0 0.0 0.0 0.0 0.0 0.0 
Portugal 0.0 0.0 0.0 0.0 0.0 0.0 
Slovak Rep. 0.0 0.0 0.0 0.0 0.0 0.0 
Slovenia 0.0 0.0 0.0 0.0 0.0 0.0 




Belgium 0.0 0.2 0.0 0.0 0.0 0.0 
Czech Rep. 0.5 0.0 0.0 0.0 0.0 0.0 
Denmark 0.3 0.0 0.0 0.0 0.0 0.0 
Finland 0.0 0.9 0.0 0.0 0.0 0.0 
France 0.1 1.0 0.0 0.1 0.0 0.1 
Greece 0.2 0.1 0.1 0.9 0.0 0.0 
Hungary 0.1 0.0 0.0 0.5 0.0 0.0 
Italy 0.2 0.4 0.0 0.0 0.0 0.0 
Netherlands 0.6 0.3 0.0 0.0 0.0 0.0 




Bulgaria 0.1 0.2 0.1 0.0 1.8 1.1 
Germany 1.0 1.4 0.0 0.0 0.0 0.0 
Norway 2.6 0.1 0.0 0.0 0.0 0.0 
Poland 1.0 0.0 0.0 0.0 3.5 0.0 
Romania 0.3 2.0 0.0 0.0 0.3 0.0 
Sweden 0.0 0.1 1.9 0.0 1.2 0.2 
Turkey 0.3 0.8 0.4 0.2 0.3 0.1 
UK 2.9 0.1 0.0 0.0 0.0 0.0 
North 
America 
Canada 3.4 4.9 3.4 0.0 4.5 2.3 
Mexico 2.5 1.9 1.0 0.0 3.1 2.6 
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Table 5.A-1: Domestic extraction as percentage of world extraction, countries 

















  % % % % % % 
East Asia 
Japan 0.1 1.8 0.0 0.0 0.0 0.2 
South Korea 0.0 0.6 0.0 0.0 0.0 0.0 
Taiwan 0.0 0.1 0.0 0.0 0.0 0.0 
South 
East 
Australia 2.8 0.8 15.8 58.5 5.6 9.7 
Indonesia 2.2 0.1 0.0 0.6 6.8 0.2 
BRICS 
Brazil 1.0 2.6 19.4 6.8 0.2 2.5 
China 11.8 15.9 20.7 3.8 4.2 2.9 
India 3.2 1.3 7.5 3.9 0.2 0.1 
Russia 10.5 8.2 8.0 2.5 1.9 4.8 
South Africa 1.8 1.6 3.1 0.0 1.0 8.7 
RoW RoW 33.9 28.9 12.6 22.2 43.7 52.7 
Total  100% 100% 100% 100% 100% 100% 
          
Total quantity† 313 215 1084 206 1755 765 
unit   EJ MMT MMT MMT MMT MMT 
* Entries formatted as 0.0  represent non-existent flows, entries formatted as 0.0 represent small, but 
positive flows. 
† The totals reported here exclude extraction reported in the database for industries that do not 
produce any output. The amount excluded is on average 0.09% of each material’s total extraction 
reported.  
 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 5.A-3: Material multipliers by country –MJ or kilogram per € demand 
 Fossil energy carriers  Chem./fert. minerals 
 i10 i11.b i11.a i40.11.a i23.20.a  i14.3 i26.e i26.d 
Austria 236 151 818 237 142  0.2 0.2 0.05 
Cyprus 10 - 8 - 287  0.3 0.1 0.1 
Estonia - 45 - 19 178  0.2 1 0.2 
Ireland 262 402 29 135 140  0.03 0.03 0.02 
Latvia 67 - - 69 160  0.01 1 - 
Lithuania 34 29 191 - 278  16 10 1 
Luxembourg - - - - -  0.1 0.1 0.1 
Malta - 6 4 - 82  0.1 0.1 - 
Portugal - - - 86 202  0.3 0.1 0.05 
Slovak Rep. 507 532 2775 443 404  7 0.3 0.1 
Slovenia 327 - - 230 114  0.5 0.2 0.05 
Switzerland 9 3 9 - 210  0.02 0.1 0.01 
Belgium - - - 47 63  5 0.2 0.1 
Czech Rep. 1279 190 4803 467 347  4 0.1 0.03 
Denmark - 159 225 140 186  1 0.1 0.03 
Finland 215 - - 377 177  17 0.4 0.2 
France 473 389 25774 158 135  5 0.04 0.01 
Greece 1591 166 237 517 201  14 1 2 
Hungary 2780 1870 33994 202 83  2 0.4 0.1 
Italy 20 191 9038 53 191  3 0.03 0.02 
Netherlands 0 185 13103 39 204  1 0.2 0.1 
Spain 402 150 7163 340 162  3 0.01 0.01 
Bulgaria 1475 127 492 771 344  9 1 0.4 
Germany 541 244 68733 143 184  3 0.1 0.03 
Norway 227 149 205 3 155  2 1 0.3 
Poland 704 - - 269 58  0 0.00 0.00 
Romania 768 934 634 436 332  79 3 2 
Sweden 60 - - 133 182  2 0.04 0.01 
Turkey 462 122498 223 277 161  2 0.4 0.2 
UK 349 202 184 174 140  1 0.2 0.1 
Canada 1455 192 158 406 163  8 0.3 0.04 
Mexico 1179 50372 149 353 104  9 0.3 0.2 
US 1069 236 271 438 166  16 0.2 0.1 
Japan 1483 73 35 246 116  2 0.2 0.1 
South Korea 430 - - 256 149  5 0.2 0.1 
Taiwan 41 113 21 417 160  1 0.4 0.2 
Australia 784 147 179 195 170  3 0.1 0.05 
Indonesia 613 500 634 503 169  0.2 0.2 0.01 
Brazil 1001 278 254 304 157  2 0.5 0.05 
China 697 120 296 279 174  3 1 0.3 
India 1180 1403 439 416 218  3 0.3 0.2 
Russia 2182 3870 633 439 288  41 0.1 0.03 
South Africa 1796 54508 85 490 153  2 0.3 0.03 
RoW 232 492 254 67 183  4 0.2 0.2 
World 721 352 259 240 164  4 0.3 0.1 
- means no value. This table represents the values obtained from multiplying matrix D with the 
Leontief matrix L, only representing the values related to the industry indicated, see Equation 5.7. 
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Table 5.A-3: Material multipliers by country –kilogram per € demand (continued) 
 Iron ores Alum./bauxite ores Copper ores Precious metal ores 
 i13.















Austria - 0.3 - - - 0.1 - 4 - - - 0.02 
Cyprus - - - - - - 0.4 1 - - - 0.01 
Estonia - 1 - - - - - - - - - 0.02 
Ireland - 0.04 - - - - - - - 13 0.01 0.01 
Latvia - 1 - - - 0.1 - - - - - 0.02 
Lithuania - 0.3 - - 0.2 0.00 - 1 - - 0.1 0.01 
Luxembourg - 0.4 - - 0.2 0.02 - 1 - - 0.01 0.01 
Malta - 1 - - 0.3 0.00 - 0.03 - - 0.03 0.01 
Portugal 1 1 - - - 0.1 4 - - 0.4 0.02 0.00 
Slovak Rep. 121 4 - - 0.3 0.04 - - - 2 0.1 0.04 
Slovenia - 0.5 0.00 - 0.2 - 0.01 - 0.00 - - 0.02 
Switzerland - 0.1 0.00 - 0.2 - - - 0.01 - - 0.2 
Belgium - 0.4 - - - 0.1 - 4 - - - 0.01 
Czech Rep. 0.1 3 0.2 0.00 - 0.03 2 - 0.04 0.00 - 0.01 
Denmark - 0.2 - - - - - - - - - 0.01 
Finland - 3 - - - 0.04 1 32 - 1 0.01 0.01 
France - 1 0.1 83 1 0.03 47 0.04 0.1 80 2 0.2 
Greece 59 1 - 20 3 - - - - 0.5 0.00 0.02 
Hungary - 3 - 46 3 - - 1 - 30 - 0.1 
Italy - 1 - 0.1 0.2 0.00 - 0.04 - 3 0.00 0.01 
Netherlands - 1 - - 0.4 - - - - - - 0.01 
Spain 20 2 0.1 - 1 0.01 86 6 1 30 6 0.01 
Bulgaria 29 2 0.1 - - - 326 93 2 128 34 0.2 
Germany - 1 - - 1 0.1 - 14 - - - 1 
Norway 8 1 - - 1 0.04 - 6 - 0.5 - 0.01 
Poland - 3 - - 2 0.03 47 3 - 0.2 0.01 0.02 
Romania 21 4 - - 3 - 85 59 - 7 2 0.03 
Sweden 97 0.5 - - 1 0.03 70 17 - 24 2 0.01 
Turkey 26 2 - 9 1 - 54 21 - 12 1 0.1 
UK - 1 - - 0.3 0.02 - 1 - - - 0.01 
Canada 31 2 0.04 0.00 2 0.04 29 21 0.02 12 0.01 0.01 
Mexico 42 2 0.00 - 1 0.00 92 31 0.01 5 2 0.3 
US 35 1 0.03 11 0.2 0.04 359 14 0.2 29 1 0.1 
Japan 2 2 0.1 - 1 3 41 11 0.1 18 5 0.1 
South Korea 43 3 - - - 0.00 0.02 31 - 51 - 0.05 
Taiwan 3 1 - 0.02 - 0.2 0.01 4 - 0.00 0.3 0.01 
Australia 61 4 0.1 32 16 - 89 49 0.03 45 26 1 
Indonesia 182 0.5 - 10 4 - 188 2 - 32 0.2 0.1 
Brazil 81 6 0.1 18 0.1 0.01 609 1 0.1 60 1 1 
China 157 8 0.1 1 0.4 0.2 119 17 0.02 19 0.02 0.02 
India 158 4 - 238 3 0.02 30 20 - 6 0.4 0.00 
Russia 12 4 0.1 1 1 0.03 110 9 0.01 27 2 0.1 
South Africa 12 0.1 0.02 - 6 0.3 40 1 0.02 14 0.1 0.01 
RoW 34 1 0.3 6 0.02 0.01 138 0.2 2 50 0.1 0.02 
World 39 2 0.5 6 1 0.4 116 11 2 28 2 0.2 
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Table 5.A-4: International material multiplier as % of total material multiplier – 
Herfindahl index of international multipliers – fossil energy carriers 
Fossil energy 
carriers 
% international multiplier g  Herfindahl index h 











Austria 2 5 1 100 91  0.24 0.25 0.24 0.47 0.63 
Cyprus 100 - 100 - 100  0.52 - 0.47 - 0.87 
Estonia - 100 - 100 100  - 0.91 - 0.79 0.95 
Ireland 29 7 97 36 100  0.21 0.69 0.67 0.21 0.85 
Latvia 39 - - 98 100  0.79 - - 0.94 0.62 
Lithuania 29 100 14 - 100  0.63 0.93 0.88 - 0.90 
Luxembourg - - - - -  - - - - - 
Malta - 100 100 - 100  - 0.32 0.33 - 0.50 
Portugal - - - 100 100  - - - 0.41 0.61 
Slovak Rep. 8 91 15 98 100  0.77 0.98 0.98 0.41 0.95 
Slovenia 2 - - 4 99  0.27 - - 0.14 0.40 
Switzerland 100 100 100 - 100  0.48 0.45 0.54 - 0.97 
Belgium - - - 100 100  - - - 0.36 0.21 
Czech Rep. 3 28 0 6 94  0.75 0.68 0.65 0.56 0.77 
Denmark - 1 0 98 40  - 0.17 0.15 0.41 0.72 
Finland 5 - - 83 100  0.43 - - 0.44 0.35 
France 20 1 0 76 100  0.16 0.26 0.19 0.20 0.39 
Greece 1 12 1 2 99  0.49 0.51 0.42 0.44 0.68 
Hungary 3 3 0 11 89  0.43 0.73 0.64 0.61 0.63 
Italy 82 1 0 100 100  0.41 0.31 0.27 0.16 0.53 
Netherlands - 3 0 99 100  - 0.54 0.32 0.32 0.35 
Spain 4 6 0 63 100  0.37 0.58 0.17 0.40 0.66 
Bulgaria 10 47 7 18 98  0.87 0.87 0.89 0.63 0.99 
Germany 1 2 0 8 99  0.18 0.20 0.22 0.14 0.27 
Norway 1 0 0 83 6  0.17 0.16 0.16 0.24 0.38 
Poland 0 - - 4 60  0.39 - - 0.41 0.49 
Romania 8 5 9 30 51  0.85 0.89 0.88 0.71 0.70 
Sweden 14 - - 83 100  0.18 - - 0.26 0.35 
Turkey 4 0 3 55 90  0.41 0.35 0.47 0.36 0.72 
UK 1 1 1 30 19  0.15 0.34 0.20 0.22 0.51 
Canada 0 1 1 59 57  0.22 0.21 0.21 0.82 0.29 
Mexico 1 0 0 35 1  0.24 0.21 0.27 0.36 0.22 
US 0 2 2 1 56  0.33 0.42 0.40 0.39 0.53 
Japan 1 10 13 100 100  0.43 0.51 0.28 0.32 0.69 
South Korea 2 - - 93 100  0.28 - - 0.22 0.72 
Taiwan 91 4 38 100 100  0.43 0.34 0.58 0.23 0.69 
Australia 1 1 1 2 72  0.57 0.55 0.56 0.56 0.71 
Indonesia 1 1 2 10 29  0.41 0.66 0.82 0.70 0.79 
Brazil 1 2 2 31 32  0.32 0.55 0.53 0.20 0.90 
China 0 5 2 1 21  0.46 0.59 0.59 0.45 0.70 
India 0 0 1 2 44  0.45 0.53 0.55 0.25 0.96 
Russia 0 0 0 1 4  0.63 0.92 0.60 0.81 0.94 
South Africa 0 0 3 1 64  0.38 0.39 0.27 0.23 0.94 
RoW 1 1 1 20 9  0.17 0.56 0.34 0.18 0.42 
- means no value, 0 indicates a value smaller than 0.5. Results are computed with Eq. 5.8 and 5.9 
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Table 5.A-5: International material multiplier as % of total material multiplier – 
Herfindahl index of international multipliers – chemical/fertilizer minerals 
Chem./fert. 
minerals 
% international multiplier g  Herfindahl index h 
i14.3 i26.e i26.d i12 i27.43  i14.3 i26.e i26.d i12 i27.43 
Austria 45 100 100 - 100  0.16 0.16 0.15 - 0.10 
Cyprus 1 100 100 - -  0.20 0.28 0.22 - - 
Estonia 100 100 100 - -  0.84 0.85 0.83 - - 
Ireland 100 100 100 - 100  0.12 0.10 0.12 - 0.13 
Latvia 100 100 - - -  0.74 0.62 - - - 
Lithuania 13 100 100 - 87  0.98 0.98 0.98 - 0.97 
Luxembourg 100 100 100 - 100  0.50 0.49 0.48 - 0.12 
Malta 100 100 - - 100  0.36 0.36 - - 0.18 
Portugal 13 88 80 - 96  0.23 0.23 0.20 - 0.17 
Slovak Rep. 2 100 99 - 97  0.27 0.27 0.26 - 0.21 
Slovenia 100 100 100 100 100  0.38 0.37 0.33 0.15 0.17 
Switzerland 100 100 100 100 100  0.27 0.20 0.18 0.18 0.20 
Belgium 8 99 98 - 87  0.27 0.32 0.31 - 0.17 
Czech Rep. 5 99 97 97 97  0.21 0.20 0.19 0.18 0.14 
Denmark 17 100 99 - 96  0.40 0.22 0.21 - 0.24 
Finland 1 9 6 - 89  0.15 0.15 0.16 - 0.15 
France 0 86 78 90 93  0.14 0.15 0.14 0.14 0.17 
Greece 0 1 0 - 9  0.22 0.27 0.20 - 0.14 
Hungary 2 100 100 - -  0.40 0.44 0.42 - - 
Italy 2 100 97 - 98  0.13 0.20 0.18 - 0.23 
Netherlands 13 85 80 - 99  0.15 0.14 0.14 - 0.15 
Spain 0 86 84 97 83  0.16 0.18 0.16 0.20 0.20 
Bulgaria 1 24 16 36 23  0.32 0.25 0.24 0.16 0.17 
Germany 4 68 55 - 92  0.10 0.11 0.10 - 0.12 
Norway 18 100 100 - 100  0.45 0.45 0.45 - 0.45 
Poland - 100 100 - 100  - 0.23 0.18 - 0.18 
Romania 0 15 7 - 10  0.30 0.31 0.31 - 0.26 
Sweden 4 84 72 - 93  0.15 0.14 0.13 - 0.19 
Turkey 2 43 21 - 46  0.19 0.18 0.18 - 0.16 
UK 65 100 100 - 99  0.36 0.36 0.35 - 0.28 
Canada 0 26 19 37 49  0.18 0.17 0.18 0.24 0.18 
Mexico 4 48 17 81 73  0.27 0.26 0.26 0.41 0.27 
US 0 14 16 8 57  0.43 0.39 0.33 0.27 0.43 
Japan 0 41 21 40 96  0.20 0.16 0.15 0.25 0.18 
South Korea 4 70 65 - 95  0.38 0.35 0.36 - 0.20 
Taiwan 43 87 85 - -  0.21 0.21 0.21 - - 
Australia 0 23 53 54 58  0.22 0.24 0.28 0.22 0.21 
Indonesia 1 87 87 - 96  0.23 0.16 0.15 - 0.26 
Brazil 6 53 46 34 55  0.32 0.33 0.31 0.30 0.32 
China 0 8 6 18 23  0.17 0.18 0.18 0.18 0.17 
India 0 75 67 - 73  0.38 0.29 0.37 - 0.39 
Russia 1 25 25 41 44  0.33 0.22 0.23 0.22 0.29 
South Africa 0 97 97 94 94  0.21 0.22 0.28 0.17 0.21 
RoW 0 16 16 18 18  0.22 0.33 0.33 0.28 0.28 
- means no value, 0 indicates a value smaller than 0.5. Results are computed with Eq. 5.8 and 5.9 
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Table 5.A-6: International material multiplier as % of total material multiplier – 
Herfindahl index of international multipliers – iron ores 
Iron ores % international multiplier g  Herfindahl index h 
 




1 i27.a i12 i27.5 
i13. 
20.13 
Austria - 100 - 100 -  - 0.17 - 0.17 - 
Cyprus - - - - -  - - - - - 
Estonia - 100 - - -  - 0.33 - - - 
Ireland - 100 - - -  - 0.14 - - - 
Latvia - 100 - 100 -  - 0.34 - 0.35 - 
Lithuania - 100 - 100 -  - 0.33 - 0.41 - 
Luxembourg - 100 - 100 -  - 0.20 - 0.19 - 
Malta - 100 - 100 -  - 0.15 - 0.14 - 
Portugal 6 99 - 100 -  0.28 0.30 - 0.28 - 
Slovak Rep. 0 94 - 96 -  0.41 0.49 - 0.42 - 
Slovenia - 100 100 - -  - 0.20 0.20 - - 
Switzerland - 100 100 - -  - 0.20 0.17 - - 
Belgium - 100 - 100 -  - 0.16 - 0.18 - 
Czech Rep. 100 100 100 100 100  0.45 0.52 0.42 0.34 0.45 
Denmark - 100 - - -  - 0.15 - - - 
Finland - 100 - 100 -  - 0.34 - 0.23 - 
France - 100 100 100 100  - 0.25 0.18 0.20 0.27 
Greece 0 28 - - 76  0.16 0.18 - - 0.17 
Hungary - 100 - - 100  - 0.50 - - 0.41 
Italy - 100 - 100 100  - 0.31 - 0.18 0.19 
Netherlands - 100 - - -  - 0.22 - - - 
Spain 1 97 99 98 -  0.47 0.61 0.24 0.37 - 
Bulgaria 1 25 72 - -  0.39 0.31 0.29 - - 
Germany - 100 - 100 -  - 0.23 - 0.17 - 
Norway 0 70 - 99 -  0.15 0.28 - 0.16 - 
Poland - 100 - 100 -  - 0.40 - 0.31 - 
Romania 32 96 - - -  0.29 0.29 - - - 
Sweden 0 43 - 81 -  0.15 0.17 - 0.18 - 
Turkey 0 80 - - 84  0.18 0.19 - - 0.17 
UK - 100 - 100 -  - 0.24 - 0.22 - 
Canada 0 42 48 76 53  0.42 0.63 0.47 0.20 0.36 
Mexico 0 38 75 74 -  0.47 0.49 0.20 0.24 - 
US 0 29 36 69 24  0.32 0.32 0.28 0.19 0.24 
Japan 4 100 100 100 -  0.27 0.34 0.25 0.21 - 
South Korea 0 100 - 100 -  0.31 0.34 - 0.29 - 
Taiwan 100 100 - 100 100  0.47 0.28 - 0.21 0.29 
Australia 0 13 16 - 23  0.32 0.30 0.22 - 0.16 
Indonesia 0 99 - - 100  0.39 0.24 - - 0.18 
Brazil 0 0 1 2 5  0.14 0.14 0.16 0.14 0.14 
China 0 4 13 18 11  0.26 0.28 0.22 0.29 0.24 
India 0 1 - 4 8  0.20 0.23 - 0.23 0.20 
Russia 31 48 65 53 47  0.98 0.96 0.90 0.78 0.83 
South Africa 0 93 84 90 -  0.16 0.17 0.17 0.19 - 
RoW 1 66 62 62 67  0.31 0.26 0.28 0.28 0.24 
- means no value, 0 indicates a value smaller than 0.5. Results are computed with Eq. 5.8 and 5.9 
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Table 5.A-7: International material multiplier as % of total material multiplier – 
Herfindahl index of international multipliers – aluminum/bauxite ores 
Aluminium/ 
bauxite ores 








42 i27.5 i12 i28 
Austria - - 100 - 100  - - 0.23 - 0.23 
Cyprus - - - - 100  - - - - 0.31 
Estonia - - - - 100  - - - - 0.28 
Ireland - - - - 100  - - - - 0.27 
Latvia - - 100 - 100  - - 0.27 - 0.27 
Lithuania - 100 100 - 100  - 0.25 0.22 - 0.23 
Luxembourg - 100 100 - 100  - 0.35 0.34 - 0.31 
Malta - 100 100 - 100  - 0.27 0.23 - 0.25 
Portugal - - 100 - 100  - - 0.39 - 0.37 
Slovak Rep. - 100 100 - 100  - 0.20 0.21 - 0.20 
Slovenia - 100 - 100 100  - 0.21 - 0.22 0.20 
Switzerland - 100 - 100 100  - 0.33 - 0.31 0.26 
Belgium - - 100 - 100  - - 0.29 - 0.27 
Czech Rep. 100 - 100 100 100  0.24 - 0.23 0.22 0.22 
Denmark - - - - 100  - - - - 0.28 
Finland - - 100 - 100  - - 0.28 - 0.26 
France 2 99 97 99 99  0.58 0.46 0.25 0.29 0.28 
Greece 0 39 - - 44  0.40 0.83 - - 0.64 
Hungary 0 14 - - 77  0.27 0.24 - - 0.23 
Italy 0 100 100 - 100  0.21 0.22 0.21 - 0.21 
Netherlands - 100 - - 100  - 0.47 - - 0.25 
Spain - 100 100 100 100  - 0.66 0.30 0.31 0.46 
Bulgaria - - - 100 100  - - - 0.21 0.26 
Germany - 100 100 - 100  - 0.31 0.21 - 0.21 
Norway - 100 100 - 100  - 0.51 0.26 - 0.34 
Poland - 100 100 - 100  - 0.62 0.29 - 0.27 
Romania - 100 - - 100  - 0.35 - - 0.31 
Sweden - 100 100 - 100  - 0.60 0.33 - 0.31 
Turkey 0 26 - - 96  0.27 0.23 - - 0.22 
UK - 100 100 - 100  - 0.35 0.37 - 0.24 
Canada 100 100 100 100 100  0.29 0.43 0.38 0.32 0.33 
Mexico - 100 100 100 100  - 0.62 0.32 0.31 0.30 
US 1 97 98 76 98  0.34 0.27 0.29 0.30 0.25 
Japan - 100 100 100 100  - 0.29 0.94 0.29 0.92 
South Korea - - 100 - 100  - - 0.55 - 0.55 
Taiwan 100 - 100 - 100  0.30 - 0.94 - 0.94 
Australia 0 0 - 5 9  0.32 0.22 - 0.24 0.22 
Indonesia 0 62 - - 87  0.71 0.96 - - 0.95 
Brazil 0 26 43 8 47  0.42 0.36 0.38 0.42 0.38 
China 10 50 71 74 72  0.79 0.85 0.83 0.79 0.83 
India 0 10 61 - 47  0.78 0.89 0.69 - 0.86 
Russia 61 78 80 76 81  0.43 0.49 0.43 0.39 0.41 
South Africa - 100 100 100 100  - 0.97 0.96 0.90 0.95 
RoW 0 79 85 55 95  0.71 0.81 0.79 0.71 0.87 
- means no value, 0 indicates a value smaller than 0.5. Results are computed with Eq. 5.8 and 5.9 
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Table 5.A-8: International material multiplier as % of total material multiplier – 
Herfindahl index of international multipliers – copper ores 













Austria - 100 - - 100  - 0.49 - - 0.44 
Cyprus 8 99 - - 88  0.20 0.20 - - 0.20 
Estonia - - - - 100  - - - - 0.30 
Ireland - - - 100 100  - - - 0.27 0.27 
Latvia - - - - 100  - - - - 0.36 
Lithuania - 100 - 100 100  - 0.40 - 0.27 0.24 
Luxembourg - 100 - 100 100  - 0.52 - 0.47 0.48 
Malta - 100 - 100 100  - 0.21 - 0.30 0.32 
Portugal 0 - - 100 100  0.35 - - 0.38 0.40 
Slovak Rep. - - - 100 100  - - - 0.38 0.25 
Slovenia 100 - 100 - 100  0.36 - 0.34 - 0.42 
Switzerland - - 100 - 100  - - 0.35 - 0.33 
Belgium - 100 - - 100  - 0.36 - - 0.40 
Czech Rep. 100 - 100 - 100  0.94 - 0.23 - 0.30 
Denmark - - - - 100  - - - - 0.26 
Finland 29 100 - 100 100  0.42 0.39 - 0.37 0.35 
France 0 35 100 100 100  0.26 0.27 0.27 0.25 0.30 
Greece - - - 100 100  - - - 0.24 0.24 
Hungary - 100 - - 100  - 0.39 - - 0.28 
Italy - 100 - 100 100  - 0.33 - 0.26 0.30 
Netherlands - - - - 100  - - - - 0.38 
Spain 0 87 98 95 90  0.34 0.49 0.34 0.32 0.42 
Bulgaria 0 2 4 3 3  0.82 0.61 0.39 0.46 0.46 
Germany - 100 - - 100  - 0.56 - - 0.31 
Norway - 100 - - 100  - 0.29 - - 0.33 
Poland 0 9 - 1 2  0.34 0.47 - 0.42 0.45 
Romania 12 31 - 41 -  0.46 0.45 - 0.38 - 
Sweden 0 39 - 62 60  0.78 0.84 - 0.41 0.54 
Turkey 0 79 - 97 79  0.31 0.36 - 0.42 0.35 
UK - 100 - - 100  - 0.60 - - 0.19 
Canada 0 0 44 14 66  0.59 0.58 0.41 0.36 0.46 
Mexico 0 47 71 63 -  0.97 0.97 0.70 0.80 - 
US 0 16 2 9 -  0.28 0.27 0.27 0.26 - 
Japan 0 100 100 100 100  0.60 0.45 0.70 0.71 0.37 
South Korea 100 100 - - -  0.48 0.67 - - - 
Taiwan 100 100 - 100 -  0.26 0.35 - 0.28 - 
Australia 0 6 28 18 -  0.48 0.77 0.41 0.48 - 
Indonesia 0 77 - 80 -  0.52 0.39 - 0.37 - 
Brazil 0 11 3 60 -  0.40 0.37 0.39 0.30 - 
China 0 100 57 85 -  0.53 0.61 0.44 0.49 - 
India 0 87 - 95 -  0.40 0.49 - 0.33 - 
Russia 0 49 48 43 -  0.95 0.98 0.50 0.86 - 
South Africa 0 96 90 90 -  0.26 0.33 0.25 0.33 - 
RoW 0 29 5 41 -  0.31 0.31 0.22 0.32 - 
- means no value, 0 indicates a value smaller than 0.5. Results are computed with Eq. 5.8 and 5.9 
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Table 5.A-9: International material multiplier as % of total material multiplier – 
Herfindahl index of international multipliers – precious metals ores 
Precious metal 
ores 








41 i26.c i12 i26.a 
Austria - - 100 - 100  - - 0.42 - 0.39 
Cyprus - - 100 - 100  - - 0.18 - 0.17 
Estonia - - 100 - 100  - - 0.44 - 0.42 
Ireland 0 45 88 - 97  0.21 0.21 0.21 - 0.21 
Latvia - - 100 - 100  - - 0.45 - 0.45 
Lithuania - 100 100 - 100  - 0.68 0.43 - 0.48 
Luxembourg - 100 100 - 100  - 0.19 0.38 - 0.42 
Malta - 100 100 - 100  - 0.38 0.15 - 0.23 
Portugal 0 100 100 - 100  0.24 0.43 0.16 - 0.15 
Slovak Rep. 0 20 31 - 40  0.35 0.24 0.36 - 0.42 
Slovenia - - 100 100 100  - - 0.29 0.32 0.28 
Switzerland - - 100 100 100  - - 0.17 0.14 0.16 
Belgium - - 100 - 100  - - 0.28 - 0.24 
Czech Rep. 100 - 100 100 100  0.30 - 0.33 0.33 0.33 
Denmark - - 100 - 100  - - 0.29 - 0.32 
Finland 1 100 100 - 100  0.31 0.20 0.27 - 0.34 
France 19 99 100 99 100  0.81 0.83 0.80 0.19 0.76 
Greece 1 85 100 - 100  0.17 0.18 0.48 - 0.35 
Hungary 0 - 26 - 38  0.26 - 0.32 - 0.33 
Italy 1 98 100 - 100  0.21 0.17 0.14 - 0.14 
Netherlands - - 100 - 100  - - 0.21 - 0.48 
Spain 0 15 47 59 44  0.16 0.85 0.16 0.48 0.16 
Bulgaria 1 1 5 3 10  0.98 0.96 0.24 0.28 0.26 
Germany - - 100 - 100  - - 0.57 - 0.57 
Norway 0 - 98 - 97  0.22 - 0.31 - 0.29 
Poland 6 98 88 - 87  0.34 0.23 0.35 - 0.36 
Romania 0 1 26 - 34  0.16 0.16 0.21 - 0.22 
Sweden 4 58 97 - 95  0.48 0.48 0.25 - 0.24 
Turkey 0 1 7 - 10  0.18 0.19 0.20 - 0.20 
UK - - 100 - 100  - - 0.25 - 0.29 
Canada 0 97 89 96 87  0.63 0.29 0.17 0.60 0.19 
Mexico 13 42 27 70 27  0.77 0.71 0.72 0.33 0.70 
US 1 18 67 29 59  0.35 0.35 0.35 0.20 0.31 
Japan 0 98 92 44 97  0.36 0.41 0.39 0.22 0.42 
South Korea 0 - 89 - 88  0.15 - 0.73 - 0.65 
Taiwan 100 100 100 - 100  0.26 0.43 0.19 - 0.19 
Australia 0 0 4 3 2  0.35 0.91 0.78 0.43 0.17 
Indonesia 0 100 16 - 9  0.93 0.78 0.58 - 0.48 
Brazil 0 1 1 8 1  0.21 0.39 0.20 0.27 0.19 
China 0 57 24 39 30  0.73 0.49 0.25 0.30 0.22 
India 0 15 92 - 99  0.23 0.70 0.26 - 0.19 
Russia 2 21 49 35 40  1.00 0.99 0.89 0.70 0.83 
South Africa 0 98 80 62 72  0.52 0.96 0.34 0.56 0.22 
RoW 0 42 31 14 76  0.31 0.78 0.33 0.67 0.39 
- means no value, 0 indicates a value smaller than 0.5. Results are computed with Eq. 5.8 and 5.9 
